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BEST AVAIUBLE COPY 



REMARKS 

Status of the Claims 

Claims pending in the above-identified application are Claims 1, 3-5, and 17- 
24. Claims 1, 3-5, and 22-24 are amended. The amended claims do not introduce new 
matter into the above-identified application. Support for the amended claims is found 
throughout the specification. 



Information Disclosure Statement 

Applicant encloses herewith complete copies of References 14 and 16 cited in 
the Information Disclosure Statement filed on April 26, 2002. 

The Rejection Under 35 USC S 112 

Claims 1, 3-5, and 17-24 are rejected under 35 U.S.C. § 112, second 
paragraph, as being indefinite for failing to particularly point out and distinctly claim the 
subject matter which Apphcant regards as his invention. Specifically, the Examiner rejects 
Claims 1 and 22-24 for failing to set forth steps for determining whether the compound 
affects cell proliferation. Further, Claims 1 and 22-24 are rejected due to the recitation of 
"compounds" as opposed to "a compound." Finally, Claims 5 and 17-19 are rejected as 
indefinite for reciting "a compound," which is inconsistent with the preamble of Claim 1. 
Applicant respectfully submits that the above amendments obviate the rejection of Claims 1, 
3-5, and 17-24 under 35 U.S.C. § 1 12, second paragraph and requests that these rejections be 
withdrawn. 

Claims 1, 3-5, and 17-24 are rejected under 35 U.S.C. § 112, first paragraph, 
as containing subject matter which was not described in the specification at the time the 
application was filed. Specifically, the Examiner rejects Claims 1 and 22-24 due to the 
inclusion of the phrase "having unknown cellular proliferative activity." Applicant 
respectfully traverses this rejection. 
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The specification states on page 7, lines 20-24, that "[i]n the assays of the 
present invention, the compound initially has unknown activity, effect or effects. The 
activity of the compound is unknown, in that the compound's effects in the assays of the 
present invention are not vet determined . The compound may have many other known 
activities, and may be a compound that has other therapeutic uses" (emphasis added). Based 
upon the PTO's position, it appears that the PTO is mandating exact or in haec verba 
disclosure of the phrase "having unknown cellular proliferative activity." Such a mandate is 
not required by the Court of Appeals for the Federal Circuit and the PTO through its 
Guidelines for Examination of Patent Applications under 35 U.S.C. § 112, first paragraph, 
"Written Description" requirement, 66 Fed. Reg. 1099 (Jan 5, 2001), a copy of which is 
attached hereto and filed herewith as Exhibit A. 

Although the phrase "having unknown cellular proliferative activity" is not 
recited verbatim, Applicants assert that the specification would reasonably convey to one 
skilled in the relevant art that the inventor, at the time the application was filed, had 
possession of the claimed invention. Specifically, the specification states that the compound 
has an unknown effect in the assay of the present invention. The assays of the present 
invention are useful to determine the effect of a compoimd on cellular proliferation. The 
disclosure of the specification is sufficient through express, implicit, and inherent disclosure 
to support the patentability of Claims 1, 3-5, and 17-24 under the vmtten description 
requirement of 35 U.S.C. § 1 12, first paragraph. Thus, Applicants assert that one of skill in 
the art could readily understand that the compounds to be tested have unknown cellular 
proliferative activity. Accordingly, Applicant respectfully requests that the rejection of 
Claims 1, 3-5, and 17-24 under 35 U.S.C. § 1 12, first paragraph, be withdravm. 

Claims 1, 3-5, and 17-24 are further rejected under 35 U.S.C. § 112, first 
paragraph, as failing to be enable one of skill in the art to make and use the invention. 
Specifically, the Examiner rejects Claim 21 due to the recitation the first cell culture and 
second cell culture are grown in serum-free media. Applicant asserts that Claim 21 does 
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sufficiently enable one of skill in the art to make and use the invention. Specifically, the 
specification of the above-identified application teaches one of ordinary skill in the art to: 

(a) grow a first and second cell culture in serum-free media; 

(b) add a compound to a first cell culture; 

(c) measure the amount of HSPG in the first cell culture; 

(d) compare the amount of HSPG in the first cell culture to the amount of HSPG 
in a second cell culture not treated with the compound; and 

(e) determine if there is a change in the amount of HSPG in the first cell culture as 
compared to the amount of HSPG in the second cell culture. 

Support and enablement for this method is found in Example VI. 

The Examiner cites Ettenson et al (J. Cell Physiol., 2000 Jul; 184(1):93-100) 
to support the contention that the method described above would not operate. However, as 
evidenced by Examples II- VI of the specification, this contention is not correct. 
Accordingly, Applicant respectfully asserts that this rejection under 35 U.S.C. § 112, first 
paragraph, is improper. Applicant refers the Examiner to Examples II-IV, each of which are 
performed using cell cultures grown in serum-fi-ee medium . These examples indicate that the 
amount or presence of HSPGs has a direct effect on smooth muscle cell growth, even in 
serum-fi'ee conditions. For example, perlecan inhibits smooth muscle cell proliferation in 
serum-free medium (Example II); perlecan mediates smooth muscle cell quiescence in 
serum-free conditions (Example III), and blocking perlecan synthesis leads to smooth muscle 
cell growth in serum-free medium. Accordingly, Applicant requests that the rejection of 
Claim 21 under 35 U.S.C. § 1 12, first paragraph, be withdrawn. 

The Examiner further rejects Claims 1, 3-5, and 17-24 under 35 U.S.C. § 1 12, 
first paragraph, on the basis that the specification fails to disclose what type of cells produce 
syndecan or glypican, how to measure the amount of syndecan or glypican in cell culture, 
and how to discriminate between perlecan, syndecan, or glypican when measuring the 
amount of HSPGs. Applicant respectfully disagrees with each of these contentions. 
Applicant directs the Examiner to page 5, lines 28-30 of the specification which clearly 
states, "Examples of HSPGs include syndecan, glypican and perlecan which are HSPGs 
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generated within the cardiovascular system. Vascular SMCs express syndecans 1, 2 and 4, 
glypican-1 and perlecan." Further, Applicant points out that the discussion of perlecan in the 
specification is intended to be illustrative of the methods relating to HSPGs in general. Thus, 
Applicant asserts that upon reading how to immunoprecipitate perlecan using an anti- 
perlecan antibody for purposes of measurement, as indicated on page 13, lines 26-30, one of 
skill in the art would understand that a similar process could be used for the measurement of 
syndecan and glypican. In a related matter, immunoprecipitation of each HSPG would be a 
method by which one of skill in the art could discriminate between perlecan, syndecan, or 
glypican when measuring the amount of HSPGs. 

Applicant notes that "[n]ot every last detail [of an invention need] be described 
[in a patent specification], else patent specifications would tum into production 
specifications, which they were never intended to be." In re Gay, 309 F.2d 769, 774, 
135 U.S.P.Q. 311, 316 (C.C.P.A. 1962). Thus, although the specification does not describe 
the specifics of immunoprecipitation of syndecan and glypican. Applicant asserts that the 
immunoprecipitation of glypican and syndecan is "merely routine" and the working 
examples of perlecan measurement and isolation provide "a reasonable amount of guidance 
with respect to the direction in which the experimentation should proceed." In re Wands, 
858 F.2d at 737, 8 U.S.P.Q.2d at 1404 (quoting Ex parte Jackson, 111 U.S.P.Q. 804, 807 
(Bd. App. 1982)). Accordingly, Applicant respectfully requests that the rejection of Claims 
1, 3-5, and 17-24 under 35 U.S.C. § 1 12, first paragraph, be withdrawn. 

Finally, the Examiner rejects Claim 5 on the basis that the specification does 
not provide guidance to one of skill in the art as to what molecule is to be screened. 
Applicant restates the discussion of the case law presented above. Further, Applicant argues 
that the invention is not limited to any particular type of molecule, but rather, can encompass 
any molecule or compound. A person may use the methods of the present invention to 
determine the effect of any molecule or compound on cell proliferation. Thus, the identity of 
the molecule depends entirely on the inquiry performed by the end user of the invention. In 
light of the above discussion. Applicants assert that the claims of the present invention 
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cannot be limited to any particular class of molecules or any molecule having particular 
properties. Accordingly, Applicant respectfully requests that the rejection of Claim 5 under 
35 U.S.C. § 1 12, first paragraph be withdrawn. 

The Rejection Under 35 USC S 102 

Claims 1, 3-5, 17, 19, and 22 are rejected under 35 U.S.C. § 102(b) as being 
anticipated by Paka et al (Circulation, 1999 Nov.; 100(18, Suppl):L548, abstract 2885) 
C'Paka 1"). Respectfully, the rejection is traversed. 

The PTO states that Paka 1 teaches "a method [to] determine whether the anti- 
proliferative effect of apoE is due to increased HS production." The PTO also states that 
Paka 1 "concluded that the ability of apoE isoforms to inhibit SMC proliferation correlated 
with their ability to stimulate perlecan production," and thus, "[t]he reference teachings 
anticipate the claimed invention." 

Paka 1 investigates the anti-proliferative effects of apoE, a well-known 
antiproliferative, on smooth muscle cells (SMCs). Paka 1 discloses that apoE inhibits SMC 
proliferation and stimulates HSPG production. Finally, Paka 1 suggests that the 
antiproliferative effect of apoE correlates with its ability to stimulate perlecan HSPGs and 
thus postulates that perlecan expression may be a key pathway in the regulation of SMC 
growth. Paka 1 does not suggest a method for detecting further substances which affect 
cellular proliferation. 

The invention as Claimed in Claim 1 is directed to a method for detecting a 
compound which affects cellular proliferation by adding the compound to a cell culture, 
measuring the amount of HSPG production, and comparing the amount of HSPG in the first 
cell culture to the amount of HSPG produced in a control cell culture. Similar methods are 
claimed in Claims 22-24, wherein the HSPG is perlecan, syndecan, or glypican, respectively. 
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As Stated in the specification, "[a]lthough it is currently believed that 
endothelial HSPGs inhibit SMC proliferation, it is not known whether SMC synthesize 
antiproliferative HSPGs that act as autocrine inhibitors" (page 5, lines 21-23). While it was 
hypothesized that HSPGs may play a role in inhibition of cellular proliferation, the 
mechanism remained unclear. Only after the disclosure of Applicant's invention was it 
known that SMCs naturally regulate the induction of HSPGs to maintain quiescence (see for 
example, Examples I and IV). Paka 1 does not disclose or suggest that cells naturally 
regulate and synthesize HSPGs that act as autocrine inhibitors. Thus, absent this significant 
piece of information, Paka 1 does not reasonably teach or suggest a method for detecting 
compounds which affect cellular proliferation by measuring their effect on HSPG 
production. One of skill in the art would have to unduly experiment to discover that SMCs 
regulate cellular proliferation by inducing HSPG production. Thus, Paka 1 does not teach or 
suggest the claimed invention. Accordingly, Applicant respectfully requests that the 
rejection of Claims 1, 3-5, 17, 19, and 22 under 35 U.S.C. § 102(b) be withdrawn. 

Claims 1, 3-5, 17, 19, 20, 22, and 23 are rejected under 35 U.S.C. § 102(b) as 
being anticipated by Paka et al (J. Biol. Chem, 1999 Dec; 274(5 1):36403-36408) {^'Paka 
2"). Respectfully, the rejection is traversed. 

The PTO states that Paka 2 describes "a method [to] determine whether the 
anti-proliferative effect of apoE is due to increased HS production and cell growth." The 
PTO also states that Paka 2 teaches "that analysis of the conditioned medium from apoE 
stimulated cells revealed that the HSPG increase was in perlecan and apoE also stimulated 
perlecan mRNA expression by > 2 fold." 

Paka 2, much like Paka 7, investigates the anti-proliferative effects of apoE on 
SMCs. Paka 2 discloses that apoE inhibits SMC proliferation and stimulates HSPG 
production (see abstract; Figs. 5 & 6). Paka 2 states that in vitro isolated HSPGs are 
effective inhibitors of SMC proliferation (page 36407, col. 1, paragraph 1). Paka 2 suggests 
that the antiproliferative effect of apoE correlates with its ability to stimulate perlecan 
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HSPGs (page 36406, first column, second paragraph). Paka 2 also postulates that 
modulation of perlecan may be a key step in regulating SMC growth (page 36408, last 
paragraph). Paka 2 does not suggest a method for detecting further substances which affect 
cellular proliferation. 

Applicant restates the discussion above regarding Paka L Applicant further 
emphasizes that Paka 2 does not disclose or suggest that cells naturally regulate and 
synthesize HSPGs that act as autocrine inhibitors. Again, absent this significant piece of 
information, Paka 2 cannot reasonably teach or suggest a method for detecting compounds 
which affect cellular proliferation by measuring their effect on HSPG production. Thus, 
Paka 2 does not teach or suggest the claimed invention. Accordingly, Applicant respectfully 
requests that the rejection of Claims 1, 3-5, 17, 19, 20, 22, and 23 under 35 U.S.C. § 102(b) 
be withdrawn. 

Claims 1, 3-5, 17, 19, 20, and 22 are rejected under 35 U.S.C. § 102(b) as 
being anticipated by Obunike et al, (Arter. Thromb. Vase. Biol., 2000 Jan.; 20(1):111-118) 
{''Obunike'') as evidenced by Paka 2. Respectfully, the rejection is traversed. 

The PTO states that Obunike teaches "a method to test whether the expression 
of apoE or LPL would modulate protegylcan (PG) metabolism in cells." The PTO also states 
that Obunike "concluded that enhanced gene expression of apoE and LPL increases cellular 
PG expression," and thus, "[t]he reference teachings anticipate the claimed invention." 

Obunike investigates the effects of apoE on proteoglycan production. Obunike 
discloses that apoE and LPL bind with high affinity to HSPGs (see abstract). Obunike 
observes that both apoE and LPL increase PG synthesis or decrease PG degradation (page 
113, col. 1, last paragraph; Figure 3). Obunike does not suggest a method for detecting 
further substances which affect cellular proliferation. 

Applicant restates the discussion above as it relates to Paka 1 and Paka 2. Again, only 
after the disclosure of Applicant's invention was it known that SMCs naturally regulate the 
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induction of HSPGs to maintain quiescence. Thus, while it was hypothesized that HSPGs 
may play a role in inhibition of cellular proliferation, the mechanism remained unclear. 
Obunike does not disclose or suggest that cells naturally regulate and synthesize HSPGs that 
act as autocrine inhibitors. Further, as discussed above, Paka 2 also fails to disclose or 
suggest that cells naturally regulate and synthesize HSPGs that act as autocrine inhibitors. 
Absent this significant piece of information, neither Obunike nor Paka 2, either alone or in 
combination, reasonably teach or suggest a method for detecting compounds which affect 
cellular proliferation by measuring their effect on HSPG production. Accordingly, Applicant 
respectfully requests withdrawal of the rejection of Claims 1, 3-5, 17, 19, 20, and 22 under 
35 U.S.C. § 102(b). 

The Rejection Under 35 USC S 103 

Claims 1, 3, and 23 are rejected under 35 U.S.C. § 103(a) as being 
unpatentable over Paka 1 or Obunike in view of Paka 2. Respectfully, this rejection is 
traversed. As discussed above, neither Paka 7, Paka 2, or Obunike describe or suggest that 
SMCs naturally regulate the induction of HSPGs to maintain quiescence and act as autocrine 
inhibitors. Absent this significant piece of information, Paka 7, Paka 2, or Obunike^ either 
alone or in combination, do not reasonably suggest a method for detecting compounds which 
affect cellular proliferation by measuring their effect on HSPG production. Accordingly, 
Applicant respectfiilly requests that the rejection of Claims 1, 3, and 23 under 35 U.S.C. § 
103(a) be withdrawn. 

Claims 1, 3, and 24 are rejected under 35 U.S.C. § 103(a) as being 
unpatentable over Paka 1 or Paka 2 or Obunike in view of U.S. Patent No. 6,306,613 to 
Florkiewicz et al ("Florkiewicz''). Applicant respectfully traverses this rejection. 
Florkiewicz is cited to support the Examiner's contention that glypican is known to play a 
role in cellular proliferation. Applicant disagrees with this contention. Applicant further 
notes that the filing date of Florkiewicz is October 23, 2001, which does not antedate the 
March 2, 2001 priority date of the present application, and thus, cannot properly be applied 
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as prior art under 35 U.S.C. § 103(a). Further, Applicants assert that the subject matter 
relating to the role of glypican in cellular proliferation is not entitled to the earlier filing dates 
of either U.S.S.N. 09/030,613 or U.S.S.N. 08/807,014. Neither U.S.S.N. 09/030,613 nor 
U.S. S.N. 08/807,014. make any reference to the role of glypican in cellular proliferation. 
Accordingly, such information constitutes new matter and is entitled only to the filing date of 
October 23,2001. 

MPEP § 2136.03 states that 

In order to carry back the 35 U.S.C. 102(e) critical date of the U.S. 
patent reference to the filing date of a parent application, the U.S. 
patent reference must have a right of priority to the earlier date under 
35 U.S.C. 120 or 365(c) and the parent application must support the 
invention claimed as required by 35 U.S.C. 1 12, first paragraph. "For if 
a patent could not theoretically have issued the day the application was 
filed, it is not entitled to be used against another as 'secret prior art'" 
under 35 U.S.C. 102(e). In re Wertheim, 646 F.2d 527, 537, 209 USPQ 
554, 564 (CCPA1981). 

Accordingly, Applicant respectfully requests that the rejection of Claims 1,3, and 24 under 
35 U.S.C. § 103(a) be withdrawn. 
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CONCLUSION 



In view of the above remarks, Applicant respectfully asserts that the rejection 



of the claims as set forth in the Office Action has been addressed and overcome. Applicant 
further respectfully asserts that all claims are in condition for allowance and requests that an 
early notice of allowance be issued. If issues may be resolved through Examiner's 
Amendment, or clarified in any manner, a call to the undersigned attomey at (404) 879-2433 
is respectfully requested. 



No fees are believed due, however, the Commissioner if hereby authorized to 



charge any deficiencies which may be required, or credit any overpayment to Deposit 
Account No. 09-0528. 



WOMBLE CARLYLE SANDRIDGE & RICE, PLLC 
P.O. Box 7037 

Atlanta, Georgia 30357-0037 
Direct Telephone: (404) 879-2433 
Direct Facsimile: (404) 879-2933 
Firm Telephone: (404) 872-7000 

Atty. Docket No.: R18631 1050.1 (R18631-0141) (51880.0010.9) 




Respectfully submitted. 



By: JefjferyB Ar 
Reg. No. 39,540 



ATLANTA 4371 12vl 
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an asserted utility, unless countervailing 
evidence can be provided that shows 
that one of ordinary skill in the art 
would have a legitimate basis to doubt 
the credibility of such a statement. 
Similarly, Office personnel must accept 
an opinion from a qualified expert that 
is based upon relevant facts whose 
accuracy is not being questioned; it is 
improper to disregard the opinion solely 
because of a disagreement over the 
significance or meaning of the facts 
offered. 

Once a prima facie showing of no 
specific and substantial credible utility 
has been properly established, the 
applicant bears the burden of rebutting 
it. The applicant can do this by 
amending the claims, by providing 
reasoning or arguments, or by providing 
evidence in the form of a declaration 
under 37 CFR 1.132 or a patent or a 
printed publication that rebuts the basis 
or logic of the prima facie showing. If 
the applicant responds to the prima 
facie rejection, the Office personnel 
should review the original disclosvire, 
any evidence relied upon in establishing 
the prima facie showing, any claim 
amendments, and any new reasoning or 
evidence provided by the applicant in 
support of an asserted specific and 
substantial credible utility. It is essential 
for Office personnel to recognize, fully 
consider and respond to each 
substantive element of any response to 
a rejection based on lack of utility. Only 
where the totality of the record 
continues to show that the asserted 
utility is not specific, substantial, and 
credible should a rejection based on 
lack of utility be maintained. 

If the applicant satisfactorily rebuts a 
prima facie rejection based on lack of 
utility under § 101, withdraw the § 101 
rejection and the corresponding 
rejection imposed under § 112, first 
paragraph. 

Dated: December 29, 2000. 
Q. Todd Dickinson, 

Under Secretary of Commerce for Intellectual 
Property and Director of the United States 
Patent and Trademark Office. 

[FR Doc. 01-322 Filed 1-4-01; 8:45 am] 
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DEPARTMENT OF COMMERCE 

United States Patent and Trademark 
Office 

[Docket No. 991027288-0264-02] 
RiN 0651-AB10 

Guidelines for Examination of Patent 
Applications Under the 35 U.S.C. 112, 
fl, "Written Description'' Requirement 

agency: United States Patent and 
Trademark Office, Commerce. 

action: Notice. 

summary: These Guidelines will be used 
by USPTO personnel in their review of 
patent applications for compliance with 
the "written description" requirement 
of 35 U.S.C. 112, ^ 1. These Guidelines 
supersede the "Revised Interim 
Guidelines for Examination of Patent 
Applications Under the 35 U.S.C. 112, 
^ 1 'Written Description' Requirement" 
that were published in the Federal 
Register at 64 FR 71427, Dec. 21, 1999, 
and in the Official Gazette at 1231 O.G. 
123, Feb. 29, 2000. These Guidelines 
reflect the current understanding of the 
USPTO regarding the written 
description requirement of 35 U.S.C. 
112,^1, and are applicable to all 
technologies. 

DATES: The Guidelines are effective as of 
January 5, 2001. 

FOR FURTHER INFORMATION CONTACT: 

Stephen Walsh by telephone at (703) 
305-9035, by facsimile at (703) 305- 
9373, by mail to his attention addressed 
to United States Patent and Trademark 
Office, Box 8, Washington, DC 20231, or 
by electronic mail at 
"stephen.walsh@uspto.gov"; or Linda 
Therkorn by telephone at (703) 305- 
8800. by facsimile at (703) 305-8825, by 
mail addressed to Box Comments, 
Commissioner for Patents, Washington, 
DC 20231, or by electronic mail at 
* * linda.therkorn@uspto.gov. * * 

SUPPLEMENTARY INFORMATION: As of the 

publication date of this notice, these 
Guidelines will be used by USPTO 
personnel in their review of patent 
applications for compliance with the 
"written description*' requirement of 35 
U.S.C. 112, 5 1. Because these 
Guidelines only govern internal 
practices, they are exempt from notice 
and comment rulemaking under 5 
U.S.C. 553(b)(A). 

Discussion of Public Comments 

Comments were received from 48 
individuals and 18 organizations in 
response to the request for comments on 
the "Revised Interim Guidelines for 
Examination of Patent Applications 



Under the 35 U.S.C. 112, ^ 1 * Written 
Description' Requirement" published in 
the Federal Register at 64 FR 71427, 
Dec. 21, 1999, and in the Official 
Gazette at 1231 O.G. 123, Feb. 29, 2000. 
The written comments have been 
carefully considered. 

Overview of Comments 

The majority of comments favored 
issuance of final written description 
guidelines with minor revisions. 
Comments pertaining to the written 
description guidelines are addressed in 
detail below. A few comments 
addressed particular concerns with 
respect to the associated examiner 
training materials that are available for 
public inspection at the USPTO web site 
(www.uspto.gov). Such comments will 
be taken under advisement in the 
revision of the training materials; 
consequently, these comments are not 
specifically addressed below as they do 
not impact the content of the 
Guidelines. Several comments raised 
issues pertaining to the patentability of 
ESTs, genes, or genomic inventions with 
respect to subject matter eligibility (35 
U.S.C. 101), novelty (35 U.S.C. 102), or 
obviousness (35 U.S.C. 103). As these 
conunents do not pertain to the v^n-itten 
description requirement under 35 U.S.C. 
112, they have not been addressed. 
However, the aforementioned comments 
are fully addressed in the "Discussion of 
Public Comments" in the "Utility 
Examination Guidelines** Final Notice, 
which will be published at or about the 
same time as the present Guidelines. 

Responses to Specific Comments 

(1) Comment: One comment stated 
that the Guidelines instruct the patent 
examiner to determine the 
correspondence between what applicant 
has described as the essential 
identifying characteristic features of the 
invention and what applicant has 
claimed, and that such analysis will 
lead to error. According to the conunent, 
the examiner may decide what 
applicant should have claimed and 
reject the claim for failure to claim what 
the examiner considers to be the 
invention. Another comment suggested 
that the Guidelines should clarify what 
is meant by "essential featm-es of the 
invention." Another comment suggested 
that what applicant has identified as the 
"essential distinguishing 
characteristics" of the invention should 
be understood in terms of Fiers v. Revel, 
984 F.2d 1164, 1169, 25 USPQ2d 1601, 
1605 (Fed. Cir. 1993) ("Conception of a 
substance claimed per se without 
reference to a process requires 
conception of its structure, name, 
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formula, or definitive chemical or 

physical properties."). 

Response: The suggestions have been 
adopted in part. The purpose of the 
v^rritten description analysis is to 
confirm that applicant had possession of 
what is claimed. The Guidelines have 
been modified to instruct the examiners 
to compare the scope of the invention 
claimed with the scope of what 
applicant has defined in the description 
of the invention. That is, the Guidelines 
instruct the examiner to look for 
consistency between a claim and what 
provides adequate factual support for 
the claim as judged by one of ordinary 
skill in the art from reading the 
corresponding written description. 

(2) Comment: Two comments urge 
that Regents of the University of 
California v. EH Ully & Co., 119 F.3d 
1559, 43 USPQ2d 1398 (Fed. Cir. 1997). 
is bad law and should not be followed 
by the USPTO because it conflicts with 
binding precedent, such as Vas-Cath v. 
Mahurkar, 935 F.2d 1555, 19 USPQ2d 
1111 (Fed. Cir. 1991). Hesponse: The 
final Guidelines are based on the 
Office's current understanding of the 
law and are believed to be fully 
consistent with binding precedent of the 
U.S. Supreme Court and the U.S. Coiu-t 
of Appeals for the Federal Circuit. Eh 
Ully is a precedential decision by the 
Court that has exclusive jurisdiction 
over appeals involving patent law. 
Accordingly, the USPTO must follow Eli 
Lilly. Furthermore, the USPTO does not 
view Eli Lilly as conflicting with Vas- 
Cath. VaS'Cath explains that the 
purpose of the written description 
requirement is to ensure that the 
applicant has conveyed to those of skill 
in the art that he or she was in 
possession of the claimed invention at 
the time of filing. Vas-Cath, 935 F.2d at 
1563-64, 19 USPQ2d at 1117. Eli Ully 
explains that a chemical compound's 
name does not necessarily convey a 
written description of the named 
chemical compound, particularly when 
a genus of compounds is claimed. Eli 
Lilly, 119 F.3d at 1568, 43 USPQ2d at 
1405. The name, if it does no more than 
distinguish the claimed genus from all 
others by function, does not satisfy the 
v\nritten description requirement because 
"it does not define any structural 
features commonly possessed by 
members of the genus that distinguish 
them from others. One skilled in the art 
therefore cannot, as one can do with a 
fully described genus, visualize or 
recognize the identity of the members of 
the genus." Eli Lilly, 119 F.3d at 1568, 
43 USPQ2d at 1406. Thus. Eli Lilly 
identified a set of circumstances in 
which the words of the claim did not, 
without more, adequately convey to 



others that applicants had possession of 
what they claimed. 

(3) Comment: Several comments 
urged that the Guidelines do not 
recognize the inconsistency between the 
original claim doctrine and the written 
description requirement as set out in 
Fiers and Eli Lilly. On the other hand, 
another comment asserts that there is no 
strong presumption that an originally 
filed claim constitutes an adequate 
v^itten description of the claimed 
subject matter. Several comments 
indicate that in haec verba support 
should be sufficient to comply with the 
written description requirement. Two 
comments virge that the concept of 
constructive reduction to practice upon 
filing of an application has been 
ignored. Response: As noted above, the 
USPTO does not find Fiers and Eli Ully 
to be in conflict with binding precedent. 
An original claim may provide written 
description for itself, but it still must be 
an adequate written description which 
establishes that the inventor was in 
possession of the invention. The 
"original claim doctrine" is founded on 
cases which stand for the proposition 
that originally filed claims are part of 
the written description of an application 
as filed, and thus subject matter which 
is present only in originally filed claims 
need not find independent support in 
the specification. See, e.g., In re Koller, 
613 F.2d 819, 824. 204 USPQ 702, 706 
(CCPA 1980) (later added claims of 
similar scope and wording were 
adequately described by original 
claims); In re Gardner, 480 F.2d 879, 
880, 178 USPQ 149, 149 (CCPA 1973) 
("Under these circumstances, we 
consider the original claim in itself 
adequate 'written description' of the 
claimed invention. It was equally a 
'written description' * * * whether 
located among the original claims or in 
the descriptive part of the 
specification."). However, as noted in 
the preceding comment, Eli Ully 
identified a set of circumstances in 
which the words of the claim did not, 
without more, adequately convey to 
others that applicants had possession of 
what they claimed. When the name of 
a novel chemical compound does not 
convey sufficient structural information 
about the compound to identify the 
compoimd. merely reciting the name is 
not enough to show that the inventor 
had possession of the compound at the 
time the name was written. The 
Guidelines indicate that there is a 
"strong presumption" that an adequate 
written description of the claimed 
invention is present when the 
application is filed, consistent with In re 
Wertheim, 541 F.2d 257, 263. 191 USPQ 



90, 97 (CCPA 1976) ("we are of the 
opinion that the PTO has the initial 
burden of presenting evidence or 
reasons why persons skilled in the art 
would not recognize in the disclosvire a 
description of the invention defined by 
the claims."). In most cases, the 
statement that "an originally filed claim 
is its own written description," is borne 
out because the claim language conveys 
to others of skill in the art that the 
applicant was "in possession" of what 
is claimed. The Guidelines emphasize 
that the burden of proof is on the 
examiner to establish that a description 
as filed is not adequate and require the 
examiner to introduce sufficient 
evidence or technical reasoning to shift 
the burden of going forward with 
contrary evidence to the applicant. 

(4) Comment: One comment stated 
that the Guidelines change the 
substance of the written description 
requirement to require some level of 
enablement. The comment stated that 
the Eli Ully case should not be followed 
because its change in the quality of the 
description required is in conflict with 
precedent. Another comment suggested 
that to comply with the vyn:itten 
description requirement, the description 
must both (i) demonstrate possession of 
the claimed invention by the applicant; 
and (ii) put the public in possession of 
the claimed invention. Response: As 
noted in the comment above, the 
USPTO is bound by the Federal 
Circuit's decision in Eli Ully. The 
Guidelines have been revised to clarify 
that an applicant must provide a 
description of the claimed invention 
which shows that applicant was in 
possession of the claimed invention. 
The suggestion to emphasize that the 
written description requirement must 
put the public in possession of the 
invention has not been adopted because 
it removes much of the distinction 
between the written description 
requirement and the enablement 
requirement. Although the two concepts 
are entwined, they are distinct and each 
is evaluated under separate legal 
criteria. The written description 
requirement, a question of fact, ensures 
that the inventor conveys to others that 
he or she had possession of the claimed 
invention; whereas, the enablement 
requirement, a question of law, ensiues 
that the inventor conveys to others how 
to make and use the claimed invention. 

(5) Comment: One comment suggested 
that the Guidelines should provide 
examples of situations in which the 
written description requirement was 
met but the enablement requirement 
was not, and vice versa. Another 
comment stated that examiners often 
use enablement language in making 
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written description rejections. 
Response: The enablement and written 
description requirements are not 
coextensive and, therefore, situations 
will arise in which one requirement is 
met but the other is not. Federal Circuit 
case law demonstrates many 
circumstances where enablement or 
written description issues, but not both, 
were before the Court. These Guidelines 
are intended to clarify for the examining 
corps the criteria needed to satisfy the 
written description requirement. For 
examples applying these Guidelines to 
hypodietical fact situations, see the 
"Synopsis of Application of Written 
Description Guidelines'* (examiner 
training materials available on-line at 
http://www. uspto.gov/web/men u/ 
written.pdf). These examples, as well as 
the examination form paragraphs and 
instructions on their proper use, provide 
the appropriate language examiners 
should use in making written 
description rejections. 

(6) Comment: One comment disagreed 
with the statement in an endnote that 
"the fact that a great deal more than just 
a process is necessary to render a 
product invention obvious means that a 
great deal more than just a process is 
necessary to provide written description 
for a product invention." The comment 
indicated that the statement is overly 
broad and inconsistent with the "strong 
presumption that an adequate written 
description of the claimed invention is 
present when the application is filed." 
As an extreme case, for example, for 
product-by-process claims, nothing else 
would be needed to provide the written 
description of the product. Response: 
The endnote has been clarified and is 
now more narrowly drawn. However, 
there is no per se rule that disclosure of 
a process is sufficient to adequately 
describe the products produced by the 
process. In fact, Fiers v. Revel and Eli 
Lilly involved special circumstances 
where the disclosure of a process of 
making and the function of the product 
alone did not provide an adequate 
written description for product claims. 
Even when a product is claimed in a 
product-by-process format, the 
adequacy of the written description of 
the process to support product claims 
must be evaluated on a case-by-case 
basis. 

(7) Comment: Several comments urge 
that actual reduction to practice, as a 
method of satisfying the written 
description requirement by 
demonstrating possession, has been 
over-emphasized. Response: The 
Guidelines have been clarified to state 
that describing an actual reduction to 
practice is one of a number of ways to 
show possession of the invention. 



Description of an actual reduction to 
practice offers an important "safe 
haven" that applies to all applications 
and is just one of several ways by which 
an applicant may demonstrate 
possession of the claimed invention. 
Actual reduction to practice may be 
crucial in the relatively rare instances 
where the level of knowledge and level 
of skill are such that those of skill in the 
art cannot describe a composition 
structvirally, or specify a process of 
making a composition by naming 
components and combining steps, in 
such a way as to distinguish the 
composition with particularity from all 
others. Thus, the emphasis on actual 
reduction to practice is appropriate in 
those cases where the inventor cannot 
provide an adequate description of what 
the composition is, and a deHnition by 
function is insufficient to define a 
composition "because it is only an 
indication of what the [composition] 
does, rather than what it is." £7/ Lilly, 
119 F.3d at 1568, 43 USPQat 1406. See 
also Amgen Inc. v. Chugai 
Pharmaceutical Co., 927 F.2d 1200. 
1206, 18 USPQ2d 1016. 1021 (Fed. Cir. 
1991). 

(8) Comment: One comment asserts 
that the citation to Pfaffv. Wells 
Electronics, Inc., 525 U.S. 55, 48 
USPQ2d 1641 (1998) is inappropriate 
and should be deleted because P/q^ is 
concerned vnXh § 102(b) on-sale bar, not 
written description. Another comment 
suggested that the Guidelines should 
provide an explanation of how the 
"ready for patenting" concept oiPfaff 
should be used in determining 
compliance with the written description 
requirement. Response: The Guidelines 
state the general principle that actual 
reduction to practice is not required to 
show possession of, or to adequately 
describe, a claimed invention (although, 
as noted in the previous comment, an 
actual reduction to practice is crucial in 
relatively rare instances). An alternative 
is to show that the invention described 
was "ready for patenting" as set out in 
Pfaff. For example, a description of 
activities that demonstrates the 
invention was "ready for patenting" 
satisfies the written description 
requirement. As Wertheim indicates, 
"how the specification accomplishes 
this is not material." 541 F.2d at 262. 
191 USPQat 96. 

(9) Comment: One comment stated 
that the v^rritten description of a claimed 
DNA should be required to include the 
complete sequence of the DNA and 
claims should be limited to the DNA 
sequence disclosed. Response: 
Describing the complete chemical 
structure, i.e., the DNA sequence, of a 
claimed DNA is one method of 



satisfying the written description 
requirement, but it is not the only 
method. See Eli Lilly, 119 F.3d at 1566, 
43 USPQ2d at 1404 ("An adequate 
written description of a DNA * * * 
requires a precise definition, such as by 
structure, formula, chemical name, or 
physical properties." (emphasis added, 
internal quote omitted)). Therefore, 
there is no basis for a per se rule 
requiring disclosure of complete DNA 
sequences or limiting DNA claims to 
only the sequence disclosed. 

(10) Comment: One comment stated 
that it is difficult to envision how one 
could provide a description of sufficient 
identifying characteristics of the 
invention without physical possession 
of a species of the invention, and thus 
this manner of showing possession 
should be considered as a way to show 
actual reduction to practice. Response: 
This suggestion has not been adopted. 
The three ways of demonstrating 
possession as set forth in the Guidelines 
are merely exemplary and are not 
mutually exclusive. While there are 
some cases where a description of 
sufficient relevant identifying 
characteristics will evidence an actual 
reduction to practice, there are other 
cases where it will not. See, e.g., Ralston 
Purina Co. v. Far-Mar-Co, Inc., 772 F.2d 
1570, 1576, 227 USPQ 177, 180 (Fed. 
Cir. 1985) (disclosure taken with the 
knowledge of those skilled in the art 
may be sufficient support for claims). 

(11) Comment: One comment stated 
that the Guidelines should be revised to 
indicate that the test of disclosure of 
sufficiently detailed drawings should be 
expanded to include structural claiming 
of chemical entities. Response: The 
suggestion has been adopted. 

(12) Comment: One comment stated 
that the Guidelines should reflect that 
an inventor is in possession of the 
invention when the inventor 
demonstrably has at least a complete 
conception thereof, and that factors and 
attributes which provide proof of 
written description should include 
evidence typically provided to prove a 
complete conception. Response: The 
suggestion has not been adopted 
because the conception analysis 
tj^ically involves documentary 
evidence in addition to the description 
of the invention in the application as 
filed. However, it is acknowledged that 
if evidence typically provided to prove 
a complete conception is present in the 
specification as filed, it would be 
sufficient to show possession. The 
Federal Circuit has stated "[tjhe 
conception analysis necessarily tiuns on 
the inventor's ability to describe his 
invention with particularity. Until he 
can do so, he cannot prove possession 
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of the complete mental picture of the 
invention/* Burroughs Wellcome Co. v. 
BarrLabs., Inc., 40 F.3d 1223, 1228, 32 
USPQ2d 1915, 1919 (Fed. Cir. 1994). As 
further noted by the Federal Circuit, in 
order to prove conception, "a party 
must show possession of every feature 
recited in the count, and that every 
limitation of the count must have been 
known to the inventor at the time of the 
alleged conception." Coleman v. Dines, 
754 F.2d 353, 359, 224 USPQ 857, 862 
(Fed. Cir. 1985). 

(13) Comment: One comment 
indicated that a "possession" test does 
not appear in Title 35 of the U.S. Code 
and is not clearly stated by the Federal 
Circuit. Therefore, it is recommended 
that patent examiners be directed to use 
existing judicial precedent to make 
rejections of claims unsupported by a 
statutory written description 
requirement. Response: While the 
Federal Circuit has not specifically laid 
out a "possession" test, the Coiul: has 
clearly indicated that possession is a 
cornerstone of the written description 
inquiry. See, e.g., Vas-Cath, Inc. v. 
Mahurkar, 935 F.2d 1555, 1563, 19 
USPQ2d 1111, 1116 (Fed. Cir. 1991); see 
also Purdue Pharma LP. v. Paulding 
Inc., 230 F.3d 1320, 1323. 56 USPQ2d 
1481, 1483 (Fed. Cir, 2000) ("[o]ne 
skilled in the art, reading the disclosure, 
must immediately discern the limitation 
at issue in the claims") (internal quote 
omitted). The possession test as set forth 
in the Guidelines is extrapolated from 
case law in a wide variety of 
technologies and is not intended to be 
limiting. Any rejections made by 
examiners will be made imder 35 U.S.C. 
112, ^1, with supporting rationale. Final 
rejections are appealable if applicant 
disagrees and follows the required 
procedures to appeal. 

(14) Comment: Two comments 
indicated that if the amino acid 
sequence for a polypeptide whose 
utility has been identified is described, 
then the question of possession of a 
class of nucleotides encoding that 
polypeptide can be addressed as a 
relatively routine matter using the 
understanding of the genetic code, and 
that the endnote addressing this issue 
should be revised. Response: The 
suggestion of these comments has been 
incorporated in the Guidelines and will 
be reflected in the training materials. 
However, based upon In re Bell, 991 
F.2d 781, 785, 26 USPQ2d 1529, 1532 
(Fed, Cir. 1993) and In re Baird, 16 F.3d 
380, 382, 29 USPQ2d 1550, 1552 (Fed. 
Cir. 1994), this does not mean that 
applicant was in possession of any 
particular species of the broad genus. 

(15) Comment: One comment 
disagreed with an endnote which stated 



that a laundry list disclosure of moieties 
does not constitute a v^itten description 
of every species in a genus. Specifically, 
the comment indicates that if the 
existence of a functional genus is 
adequately described in the 
specification, a laundry list of the 
species within that genus must satisfy 
the written description requirement. 
Response: The suggestion to revise the 
endnote will not be adopted. A lack of 
adequate v^itten description problem 
arises if the knowledge and level of skill 
in the art would not permit one skilled 
in the art to immediately envisage the 
product claimed from the disclosure. 
This was aptly demonstrated in In re 
Bell and In re Baird where possession of 
a large genus did not put a person of 
ordinary skill in the art in possession of 
any particular species. See also Purdue 
Pharma, 230 F.Sd at 1328, 56 USPQ2d 
at 1487 (because the original 
specification did not disclose the later 
claimed concentration ratio was a part 
of the invention, the inventors cannot 
argue that they are merely narrowing a 
broad invention). 

(16) Comment: One comment 
suggested that in the majority of cases, 
a single species will support a generic 
claim, and that the Guidelines should 
emphasize this point. Response: The 
suggestion has been adopted to a limited 
degree. The Guidelines now indicate 
that a single species may, in some 
instances, provide an adequate written 
description of a generic claim when the 
description of the species would 
evidence to one of ordinary skill in the 
art that the invention includes the 
genus. Note, however, Tronzo v. Biomet, 
Inc., 156 F.3d 1154, 47 USPQ2d 1829 
(Fed. Cir. 1998), where the species in 
the parent application was held not to 
provide written description support for 
the genus in the child application. 

(17) Comment; One comment asserted 
that the Guidelines should focus on the 
compliance of the claims, not the 
specification, with the written 
description requirement. Response: This 
suggestion will not be adopted. "The 
specification shall contain a written 
description of the invention." 35 U.S.C. 
112. The claims are part of the 
specification. Id., *1[ 2. If an adequate 
description is provided, it will suffice 
"whether located among the original 
claims or in the descriptive part of the 
specification." In re Gardner, 480 F.2d 
879, 880, 178 USPQ 149 (CCPA 1973). 
The entire disclosure, including the 
specification, drawings, and claims, 
must be considered. 

(18) Comment: One comment asserted 
that the Guidelines confuse "new 
matter," 35 U.S.C. 132, with the written 
description requirement, and that the 



same standard for vwritten description 
should be applied to both original 
claims and new or amended claims. 
Response: The Guidelines indicate that 
for both original and amended claims, 
the inquiry is whether one skilled in the 
art can reasonably conclude that the 
inventor had possession of the claimed 
invention at the time the application 
was filed. 

(19) Comment: One comment 
suggested that the second paragraph of 
the section pertaining to determining 
what the claim as a whole covers should 
be deleted because it relates more to 
compliance with § 112, second 
paragraph, than with the written 
description requirement. Response: This 
suggestion will not be adopted. The 
claims must be construed and all issues 
as to the scope and meaning of the claim 
must be explored during the inquiry 
into whether the written description 
requirement has been met. The concept 
of treating the claim as a whole is 
applicable to all criteria for 
patentability. 

(20) Comment: One comment 
suggested a different order for the 
general analysis for determining 
compliance with the vsn'itten description 
requirement, starting with reading the 
claim, then the specification, and then 
determining whether the disclosure 
demonstrates possession by the 
applicant. Response: This suggestion 
will not be adopted. The claims must be 
construed as broadly as reasonable in 
light of the specification and the 
knowledge in the art. See In re Morris, 
127 F.3d 1048, 1054, 44 USPQ2d 1023, 
1027 (Fed. Cir. 1997). Then the 
disclosure must be evaluated to 
determine whether it adequately 
describes the claimed invention, i.e., 
whether it conveys to a person having 
ordinary skill in the art that the 
applicant had possession of what he or 
she now claims. 

(21) Comment: Several comments 
suggested that the Guidelines are 
imclear with regard to how the 
examiner should treat the transitional 
phrase "consisting essentially of." The 
comments also suggested that the 
endnote that explains "consisting 
essentially of* does not make clear how 
the use of this intermediate transitional 
language affects the scope of the claim. 
Several comments stated that the 
USPTO does not have legal authority to 
treat claims reciting this language as 
open (equivalent to "comprising"). 
Another comment suggested that the 
phrase "clear indication in the 
specification" be replaced with 
"explicit or implicit indication." 
Response: The transitional phrase 
"consisting essentially of "excludes 
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ingredients that would 'materially affect 
the basic and novel characteristics' of 
the claimed composition." Atlas Powder 
Co, V. E.I. DuPont de Nemours & Co,, 
750 F.2d 1569, 1574, 224 USPQ409, 
412 (Fed. Cir. 1984). The basic and 
novel characteristics of the claimed 
invention are limited by the balance of 
the claim. In re Janakirama-Rao, 317 
F.2d 951. 954, 137 USPQ 893, 896 
(CCPA 1963). However, dxiring 
prosecution claims must be read 
broadly, consistent with the 
specification. In re Morris, 127 F. 3d 
1048, 1054, 44 USPQ2d 1023, 1027 
(Fed. Cir. 1997). Thus, /or purposes of 
searching for and applying prior art in 
a rejection under 35 t/.S.C. 102 or 103, 
if the specification or the claims do not 
define the "basic and novel" properties 
of the claimed subject matter (or if such 
properties are in dispute), the broadest 
reasonable interpretation consistent 
with the specification is that the basic 
and novel characteristics are merely the 
presence of the recited limitations. See, 
e.g., Janakirama-Rao, 317 F.2d at 954, 
137 USPQ at 895-96. This does not 
indicate that the intermediate 
transitional language is never given 
weight. Applicants may amend the 
claims to avoid the rejections or seek to 
establish that the specification provides 
definitions of terms in the claims that 
define the basic and novel 
characteristics of the claimed invention 
which distinguish the claimed 
invention from the prior art. When an 
applicant contends that additional steps 
or materials in the prior art are excluded 
by the recitation of 'consisting 
essentially of,' applicant has the burden 
of showing that the introduction of 
additional steps or components would 
materially change the characteristics of 
applicant's invention. In re De Lajarte, 
337 F.2d 870, 143 USPQ 256 (CCPA 
1964). The language used in the 
Guidelines is consistent with PPG 
Industries Inc. v. Guardian Industries 
Corp., 156 F,3d 1351, 1355, 48 USPQ2d 
1351, 1355 (Fed. Cir. 1998) ("PPG could 
have defined the scope of the phrase 
'consisting essentially of for purposes 
of its patent by making clear in its 
specification what it regarded as 
constituting a material change in the 
basic and novel characteristics."). 

(22) Comment: One comment stated 
that the written description should 
"disclose the invention," including why 
the invention works and how it was 
developed. Response: This suggestion 
has not been adopted. An inventor does 
not need to know how or why the 
invention works in order to obtain a 
patent. Newman v. Quigg, 877 F. 2d 
1575, 1581, 11 USPQ2d 1340, 1345 



(Fed. Cir. 1989). To satisfy the 
enablement requirement of 35 U.S.C. 
112, Hi, an application must disclose 
the claimed invention in sufficient 
detail to enable a person of ordinary 
skill in the art to make and use the 
claimed invention. To satisfy the 
written description requirement of 35 
U.S.C. 112, ^ 1, the description must 
show that the applicant was in 
possession of the claimed invention at 
the time of filing. There is no statutory 
basis to require disclosure of why an 
invention works or how it was 
developed. "Patentability shall not be 
negatived by the manner in which the 
invention was made." 35 U.S.C. 103(a). 

(23) Comment: One comment 
recommended that the phrases 
"emerging and unpredictable 
technologies" and "unpredictable art" 
be replaced with the phrase — inventions 
characterized by factors which are not 
reasonably predictable in terms of the 
ordinary skill in the art — . Response: 
The suggestion is adopted in part and 
the recommended phrase has been 
added as an alternative. 

(24) Comment: One comment 
recommended that the phrase 
"conventional in the art" be replaced 
with — part of the knowledge of one of 
ordinary skill in the art — . Response: 
The suggestion is adopted in part and 
the recommended phrase has been 
added as an alternative. The standard of 
"conventional in the art" is supported 
by case law holding that a patent 
specification "need not teach, and 
preferably omits, what is well known in 
the art." See Spectra-Physics, Inc. v. 
Coherent, Inc., 827 F.2d 1524, 1534, 3 
USPQ2d 1737, 1743 (Fed. Cir. 1987); 
Hybritech Inc. v. Monoclonal 
Antibodies, Inc., 802 F.2d 1367, 1384, 
231 USPQ 81, 94 (Fed. Cir. 1986). See 
also Atmel Corp. v. Information Storage 
Devices, Inc., 198 F.3d 1374, 1382, 53 
USPQ2d 1225, 1231 (Fed. Cir. 1999). 

(25) Comment: One comment 
recommended that the Guidelines be 
amended to state that the appropriate 
skill level for determining possession of 
the claimed invention is Qiat of a person 
of ordinary skill in the art. Response: 
The comment has not been adopted. 
The statutory language itself indicates 
that compliance with the requirements 
of 35 U.S.C. 112, m, is judged fi-om the 
standard of "any person skilled in the 
art." It is noted, however, that the 
phrases "one of skill in the art" and 
"one of ordinary skill in the art" appear 
to be synonymous. See, e.g.. Union Oil 
Co. V. Atlantic Richfield Co., 208 F.3d 
989, 997, 54 USPQ2d 1227, 1232 (Fed. 
Cir. 2000) ("The written description 
requirement does not require the 
applicant 'to describe exactly the subject 



matter claimed, [instead] the description 
must clearly allow persons of ordinary 
skill in the art to recognize that [he or 
she] invented what is claimed.' Thus, 
§ 112, ^ 1, ensures that, as of the filing 
date, the inventor conveyed with 
reasonable clarity to those of skill in the 
art that he was in possession of the 
subject matter of the claims." (citations 
omitted, emphasis added)). 

(26) Comment: One comment stated 
that an endnote misstates the relevant 
law in stating that, to show inherent 
written descriptive support for a claim 
limitation, the inherent disclosure must 
be such as would be recognized by a 
person of ordinary skill in the art. The 
comment reconunended that the 
endnote be amended to delete the 
reference to recognition by persons of 
ordinary skill and to cite Pingree v. 
Hull, 518 F.2d 624, 186 USPQ 248 
(CCPA 1975), rather than In re 
Robertson, 169 F.3d 743, 49 USPQ2d 
1949 (Fed. Cir. 1999). i?esponse; The 
comment has not been adopted. Federal 
Circuit precedent makes clear that an 
inherent disclosure must be recognized 
by those of ordinary skill in the art. See, 
e.g., Hyatt V. Boone, 146 F.3d 1348, 
1354-55, 47 USPQ2d 1128, 1132 (Fed. 
Cir. 1998) ("[T]he purpose of the 
description requirement is 'to ensure 
that the inventor had possession, as of 
the filing date of the application relied 
on, of the specific subject matter later 
claimed by him.' * * * Thus, the 
written description must include all of 
the limitations of the interference count, 
or the applicant must show that any 
absent text is necessarily comprehended 
in the description provided and would 
have been so understood at the time the 
patent application was filed." (emphasis 
added)). See also Reiffin v. Microsoft 
Corp., 214 F,3d 1342, 1346, 54 USPQ2d 
1915, 1917 (Fed. Cir. 2000) (The 
"application considered as a whole 
must convey to one of ordinary skill in 
the art, either explicitly or inherently, 
that [the inventor] invented the subject 
matter claimed * * *. See * * * 
Continental Can Co. USA v, Monsanto 
Co., 948 F.2d 1264, 1268, 20 USPQ2d 
1746, 1749 (Fed. Cir. 1991) (descriptive 
matter may be inherently present in a 
specification if one skilled in the art 
would necessarily recognize such a 
disclosiu-e)"). 

(27) Comment: Several comments 
pointed out an inconsistency in the 
Federal Register Notice re: the Revised 
Interim Written Description Guidelines. 
The inconsistency concerned the 
treatment of claims directed to an 
isolated DNA comprising SEQ ID N0:1 
wherein SEQ ID N0:1 is an expressed 
sequence tag. The comments contrasted 
paragraphs 34 and 35 of the Response to 
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Public Comments with the statement in 
the text of the Guidelines that a genus 
must be supported by a representative 
number of species (as analyzed in 
Example 7 of the training materials). 
Response: The USPTO acknowledges 
that there was an inconsistency. The 
Office notes that a claim reciting a 
nucleic acid comprising SEQ ID N0:1 
may be subject to a rejection for lack of 
an adequate written description where 
particular identifiable species within 
the scope of the claim lack an adequate 
written description. The training 
materials as amended exemplify an 
appropriate analysis. 

(28) Comment: One comment stated 
that the USPTO should respond to the 
issue of whether the U.S. is meeting its 
TRIPS obligations. This comment noted 
that the USPTO did not address an 
earlier comment regarding the ''Interim 
Guidelines for the Examination of 
Patent Applications under the 35 U.S.C. 
112, H 1. 'Written Description' 
Requirement," 63 FR 32,639, June 15, 
1998, which questioned whether the 
written description requirement is truly 
different from the enablement 
requirement, and indicated that such a 
requirement may be contrary to the 
TRJPs provisions of the World Trade 
Organization (Article 27.1). Article 27.1 
requires WTO Members to, infer alia, 
make patents available, with limited 
exceptions, for products and processes 
in all fields of technology so long as 
those products and processes are new, 
involve an inventive step, and are 
capable of industrial application. The 
comment further suggested a response. 
Response: TRIPs Article 27 does not 
address what must be included in a 
patent application to allow WTO 
Member officials to determine whether 
particular inventions meet the standards 
for patentability established in that 
Article. TRIPs Article 29, which is more 
relevant to this comment, states that 
Members "shall require" patent 
applicants to disclose their invention 
"in a manner sufficiently clear and 
complete for the invention to be carried 
out by a person skilled in the art." If the 
written description is not clear and 
complete, the applicant may not have 
been in possession of the invention. 
This may support both written 
description and enablement standards. 
In addition, Article 29 expressly 
authorizes Members to require patent 
applicants to disclose the best method 
the inventor knows at the time of filing 
an application for carrying out the 
invention. 

(29) Comment: Two comments 
conunended the USPTO for eliminating 
the Biotechnology Specific Examples in 
the Revised Interim Written Description 



Guidelines and providing separate 
training materials. One comment 
indicated a need to reconfirm the 
examples set forth in the Interim 
Written Description Guidelines 
published in 1998. Response:The 
current training materials reflect the 
manner in which the USPTO interprets 
the Written Description Guidelines. 

(30) Comment: Several comments 
addressed specific concerns about the 
examiner training materials. Response: 
The comments received with respect to 
the training materials will be taken 
under advisement as the Office revises 
the training materials in view of the 
revisions to the Guidelines. The specific 
comments will not be addressed herein 
as they do not impact the language of 
the Guidelines. 

Guidelines for the Examination of 
Patent Applications Under the 35 
U.S.C. 112, ^ 1, "Written Description" 
Requirement 

These "Written Description 
Guidelines" are intended to assist Office 
personnel in the examination of patent 
applications for compliance with the 
written description requirement of 35 
U.S.C. 112. ^ 1. This revision is based 
on the Office's current understanding of 
the law and public comments received 
in response to the USPTO's previous 
request for public comments on its 
Revised Interim Written Description 
Guidelines and is believed to be fully 
consistent with binding precedent of the 
U.S. Supreme Court, as well as the U.S. 
Court of Appeals for the Federal Circuit 
and its predecessor courts. 

This revision does not constitute 
substantive rulemaking and hence does 
not have the force and effect of law. It 
is designed to assist Office personnel in 
analyzing claimed subject matter for 
compliance with substantive law. 
Rejections will be based upon the 
substantive law, and it is these 
rejections which are appealable. 
Consequently, any perceived failure by 
Office personnel to follow these 
Guidelines is neither appealable nor 
petitionable. 

These Guidelines are intended to form 
part of the normal examination process. 
Thus, where Office personnel establish 
a prima facie case of lack of written 
description for a claim, a thorough 
review of the prior art and examination 
on the merits for compliance with the 
other statutory requirements, including 
those of 35 U.S.C. 101, 102, 103, and 
112, is to be conducted prior to 
completing an Office action which 
includes a rejection for lack of written 
description. Office personnel are to rely 
on this revision of the Guidelines in the 
event of any inconsistent treatment of 



issues involving the written description 
requirement between these Guidelines 
and any earlier guidance provided from 
the Office, 

I. General Principles Governing 
Compliance With the "Written 
Description" Requirement for 
Applications 

The first paragraph of 35 U.S.C. 112 
requires that the "specification shall 
contain a written description of the 
invention * * This requirement is 
separate and distinct from the 
enablement requirement.^ The written 
description requirement has several 
policy objectives. "[T]he 'essential goal' 
of the description of the invention 
requirement is to clearly convey the 
information that an applicant has 
invented the subject matter which is 
claimed." ^ Another objective is to put 
the public in possession of what the 
applicant claims as the invention.^ The 
written description requirement of the 
Patent Act promotes the progress of the 
useful arts by ensuring that patentees 
adequately describe their inventions in 
their patent specifications in exchange 
for the right to exclude others from 
practicing the invention for the duration 
of the patent's term. 

To satisfy the written description 
requirement, a patent specification must 
describe the claimed invention in 
sufficient detail that one skilled in the 
art can reasonably conclude that the 
inventor had possession of the claimed 
invention.^ An applicant shows 
possession of the claimed invention by 
describing the claimed invention with 
all of its limitations using such 
descriptive means as words, structures, 
figures, diagrams, and formulas that 
fully set forth the claimed invention.^ 
Possession may be shown in a variety of 
ways including description of an actual 
reduction to practice, ^ or by showing 
that the invention was "ready for 
patenting" such as by the disclosure of 
drawings or structiual chemical 
formulas that show that the invention 
was complete,^ or by describing 
distinguishing identifying 
characteristics sufficient to show that 
the applicant was in possession of the 
claimed invention. ^ A question as to 
whether a specification provides an 
adequate written description may arise 
in the context of an original claim 
which is not described sufficiently, a 
new or amended claim wherein a claim 
limitation has been added or removed, 
or a claim to entitlement of an earlier 
priority date or effective filing date 
under 35 U.S.C. 119, 120, or 365(c).9 
Compliance with the written 
description requirement is a question of 
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fact which must be resolved on a case- 
by-case basis.^° 

A. Original Claims 

There is a strong presumption that an 
adequate written description of the 
claimed invention is present when the 
application is filed. However, the 
issue of a lack of adequate written 
description may arise even for an 
original claim when an aspect of the 
claimed invention has not been 
described with sufficient particularity 
such that one skilled in the art would 
recognize that the applicant had 
possession of the claimed invention.'^^ 
The claimed invention as a whole may 
not be adequately described if the 
claims require an essential or critical 
feature which is not adequately 
described in the specification and 
which is not conventional in the art or 
known to one of ordinary skill in the 
art. ^3 This problem may arise where an 
invention is described solely in terms of 
a method of its making coupled with its 
function and there is no described or 
art-recognized correlation or 
relationship between the structure of the 
invention and its function.^"* A lack of 
adequate written description issue also 
arises if the knowledge and level of skill 
in the art would not permit one skilled 
in the art to immediately envisage the 
product claimed from the disclosed 
process. ^5 

B, New or Amended Claims 

The proscription against the 
introduction of new matter in a patent 
application serves to prevent an 
applicant from adding information that 
goes beyond the subject matter 
originally filed. Thus, the written 
description requirement prevents an 
applicant from claiming subject matter 
that was not adequately described in the 
specification as filed. New or amended 
claims which introduce elements or 
limitations which are not supported by 
the as-filed disclosure violate the 
written description requirement.^^ 
While there is no in haec verba 
requirement, newly added claim 
limitations must be supported in the 
specification through express, implicit, 
or inherent disclosure. An amendment 
to correct an obvious error does not 
constitute new matter where one skilled 
in the art would not only recognize the 
existence of the error in the 
specification, but also recognize the 
appropriate correction. Deposits made 
after the application filing date cannot 
be relied upon to support additions to 
or correction of information in the 
application as filed.^o 

Under certain circumstances, 
omission of a limitation can raise an 



issue regarding whether the inventor 
had possession of a broader, more 
generic invention. 21 A claim that omits 
an element which applicant describes as 
an essential or critical feature of the 
invention originally disclosed does not 
comply with the written description 
requirement. 22 

The fundamental factual inquiry is 
whether the specification conveys with 
reasonable clarity to those skilled in the 
art that, as of the filing date sought, 
applicant was in possession of the 
invention as now claimed.^a 

II. Methodology for Determining 
Adequacy of Written Description 

A. Read and Analyze the Specification 
for Compliance With 35 U.S.C. 112, fl 

Office personnel should adhere to the 
following procedtires when reviewing 
patent applications for compliance with 
the written description requirement of 
35 U.S.C. 112, 11 1. The examiner has the 
initial burden, after a thorough reading 
and evaluation of the content of the 
application, of presenting evidence or 
reasons why a person skilled in the art 
would not recognize that the written 
description of the invention provides 
support for the claims. There is a strong 
presumption that an adequate written 
description of the claimed invention is 
present in the specification as filed;^^ 
however, with respect to newly added 
or amended claims, applicant should 
show support in the original disclosure 
for the new or amended claims.^s 
Consequently, rejection of an original 
claim for lack of written description 
should be rare. The inquiry into 
whether the description requirement is 
met is a question of fact that must be 
determined on a case-by-case basis.^^ 

1. For Each Claim, Determine What the 
Claim as a Whole Covers 

Claim construction is an essential part 
of the examination process. Each claim 
must be separately analyzed and given 
its broadest reasonable interpretation in 
light of and consistent with the written 
description.27 The entire claim must be 
considered, including the preamble 
language ^8 and the transitional 
phrase. 29 The claim as a whole, 
including all limitations found in the 
preamble, 3° the transitional phrase, and 
the body of the claim, must be 
sufficiently supported to satisfy the 
written description requirement.^^ 

The examiner should evaluate each 
claim to determine if sufficient 
structures, acts, or functions are recited 
to make clear the scope and meaning of 
the claim, including the weight to be 
given the preamble. absence of 
definitions or details for well- 



established terms or procedures should 
not be the basis of a rejection under 35 
U.S.C. 112, 5 1. for lack of adequate 
written description. Limitations may 
not, however, be imported into the 
claims from the specification. 

2. Review the Entire Application to 
Understand How Applicant Provides 
Support for the Claimed Invention 
Including Each Element and/or Step 

Prior to determining whether the 
disclosure satisfies the written 
description requirement for the claimed 
subject matter, the examiner should 
review the claims and the entire 
specification, including the specific 
embodiments, figures, and sequence 
listings, to understand how applicant 
provides support for the various features 
of the claimed invention. The analysis 
of whether the specification complies 
with the v^rritten description 
requirement calls for the examiner to 
compare the scope of the claim with the 
scope of the description to determine 
whether applicant has demonstrated 
possession of the claimed invention. 
Such a review is conducted from the 
standpoint of one of skill in the art at 
the time the application was filed and 
should include a determination of the 
field of the invention and the level of 
skill and knowledge in the art. 
Generally, there is an inverse correlation 
between the level of skill and 
knowledge in the art and the specificity 
of disclosure necessary to satisfy the 
written description requirement. 
Information which is well known in the 
art need not be described in detail in the 
specification. 33 

3. Determine Whether There is 
Sufficient Written Description to Inform 
a Skilled Artisan That Applicant was in 
Possession of the Claimed Invention as 
a Whole at the Time the Application 
Was Filed 

a. Original claims. Possession may be 
shown in many ways. For example, 
possession may be shown, infer alia, by 
describing an actual reduction to 
practice of the claimed invention. 
Possession may also be shown by a clear 
depiction of the invention in detailed 
drawings or in structural chemical 
formulas which permit a person skilled 
in the art to clearly recognize that 
applicant had possession of the claimed 
invention. An adequate written 
description of the invention may be 
shown by any description of sufficient, 
relevant, identifying characteristics so 
long as a person skilled in the art would 
recognize that the inventor had 
possession of the claimed invention.^^ 

A specification may describe an 
actual reduction to practice by showing 
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that the inventor constructed an 
embodiment or performed a process that 
met all the limitations of the claim and 
determined that the invention would 
work for its intended purpose. 
Description of an actual reduction to 
practice of a biological material may be 
shown by specifically describing a 
deposit made in accordance with the 
requirements of 37 CFR 1.801 et seq,^^ 

An applicant may show possession of 
an invention by disclosure of 
drawings or structural chemical 
formulas^o that are sufficiently detailed 
to show that applicant was in 
possession of the claimed invention as 
a whole. The description need only 
describe in detail that which is new or 
not conventional.*"^ This is equally true 
whether the claimed invention is 
directed to a product or a process. 

An applicant may also show that an 
invention is complete by disclosure of 
sufficiently detailed, relevant 
identifying characteristics which 
provide evidence that applicant was in 
possession of the claimed invention,'*^ 
i.e., complete or partial structure, other 
physical and/or chemical properties, 
functional characteristics when coupled 
with a known or disclosed correlation 
between function and structure, or some 
combination of such characteristics. 
What is conventional or well known to 
one of ordinary skill in the art need not 
be disclosed in detail.*^ If a skilled 
artisan would have understood the 
inventor to be in possession of the 
claimed invention at the time of filing, 
even if every nuance of the claims is not 
explicitly described in the specification, 
then the adequate description 
requirement is met,"*® 

(1) For each claim drawn to a single 
embodiment or species: 

(a) Determine whether the application 
describes an actual reduction to practice 
of the claimed invention. 

(b) If the application does not describe 
an actual reduction to practice, 
determine whether the invention is 
complete as evidenced by a reduction to 
drawings or structiual chemical 
formulas that are sufficiently detailed to 
show that applicant was in possession 
of the claimed invention as a whole. 

(c) If the application does not describe 
an actual reduction to practice or 
reduction to drawings or structural 
chemical formula as discussed above, 
determine whether the invention has 
been set forth in terms of distinguishing 
identifying characteristics as evidenced 
by other descriptions of the invention 
that are sufficiently detailed to show 
that applicant was in possession of the 
claimed invention. 

(i) Determine whether the application 
as filed describes the complete structure 



(or acts of a process) of the claimed 
invention as a whole. The complete 
structure of a species or embodiment 
typically satisfies the requirement that 
the description be set forth "in such 
full, clear, concise, and exact terms'* to 
show possession of the claimed 
invention."*® If a complete structure is 
disclosed, the written description 
requirement is satisfied for that species 
or embodiment, and a rejection under 
35 U.S.C. 112, i 1, for lack of written 
description must not be made. 

(ii) If the application as filed does not 
disclose the complete structure (or acts 
of a process] of the claimed invention as 
a whole, determine whether the 
specification discloses other relevant 
identifying characteristics sufficient to 
describe the claimed invention in such 
full, clear, concise, and exact terms that 
a skilled artisan would recognize 
applicant was in possession of the 
claimed invention. 

Whether the specification shows that 
applicant was in possession of the 
claimed invention is not a single, simple 
determination, but rather is a factual 
determination reached by considering a 
number of factors. Factors to be 
considered in determining whether 
there is sufficient evidence of 
possession include the level of skill and 
knowledge in the art, partial structure, 
physical and/or chemical properties, 
functional characteristics alone or 
coupled with a known or disclosed 
correlation between structure and 
function, and the method of making the 
claimed invention. Disclosure of any 
combination of such identifying 
characteristics that distinguish the 
claimed invention fi:om other materials 
and would lead one of skill in the art 
to the conclusion that the applicant was 
in possession of the claimed species is 
sufficient. Patents and printed 
publications in the art should be relied 
upon to determine whether an art is 
mature and what the level of knowledge 
and skill is in the art. In most 
technologies which are mature, and 
wherein the knowledge and level of 
skill in the art is high, a written 
description question should not be 
raised for original claims even if the 
specification discloses only a method of 
making the invention and the function 
of the invention.5^ In contrast, for 
inventions in emerging and 
unpredictable technologies, or for 
inventions characterized by factors not 
reasonably predictable which are known 
to one of ordinary skill in the art, more 
evidence is required to show 
possession. For example, disclosure of 
only a method of making the invention 
and the function may not be sufficient 
to support a product claim other than a 



product-by-process claim. 
Furthermore, disclosure of a partial 
structure without additional 
characterization of the product may not 
be sufficient to evidence possession of 
the claimed invention. 

Any claim to a species that does not 
meet the test described under at least 
one of (a), (b), or (c) must be rejected as 
lacking adequate written description 
under 35 U.S.C. 112,^1. 

(2) For each claim drawn to a genus: 

The written description requirement 
for a claimed genus may be satisfied 
through sufficient description of a 
representative number of species by 
actual reduction to practice (see (l)(a), 
above), reduction to drawings (see 
(l)(b), above), or by disclosure of 
relevant, identifying characteristics, i.e., 
structure or other physical and/or 
chemical properties, by functional 
characteristics coupled with a known or 
disclosed correlation between function 
and structure, or by a combination of 
such identifying characteristics, 
sufficient to show the applicant was in 
possession of the claimed genus (see 
(l](c), above).54 

A "representative number of species'* 
means that the species which are 
adequately described are representative 
of the entire genus. Thus, when there is 
substantial variation within the genus, 
one must describe a sufficient variety of 
species to reflect the variation within 
the genus. On the other hand, there may 
be situations where one species 
adequately supports a genus. What 
constitutes a "representative number" is 
an inverse function of the skill and 
knowledge in the art. Satisfactory 
disclosure of a "representative number" 
depends on whether one of skill in the 
art would recognize that the applicant 
was in possession of the necessary 
common attributes or features of the 
elements possessed by the members of 
the genus in view of ihe species 
disclosed. For inventions in an 
unpredictable art, adequate written 
description of a genus which embraces 
widely variant species cannot be 
achieved by disclosing only one species 
within the genus.^^ Description of a 
representative nimiber of species does 
not require the description to be of such 
specificity that it would provide 
individual support for each species that 
the genus embraces. If a representative 
number of adequately described species 
are not disclosed for a genus, the claim 
to that genus must be rejected as lacking 
adequate written description under 35 
U.S.C, 112, ^1. 

b. New claims, amended claims, or 
claims asserting entitlement to the 
benefit of an earlier priority date or 
filing date imder 35 U.S.C. 119, 120, or 
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365(c). The examiner has the initial 
burden of presenting evidence or 
reasoning to explain why persons 
skilled in the art would not recognize in 
the original disclosine a description of 
the invention defined by the claims. 
However, when filing an amendment an 
applicant should show support in the 
original disclosure for new or amended 
claims. To comply with the written 
description requirement of 35 U.S.C. 
112, ^ 1, or to be entitled to an earlier 
priority date or filing date under 35 
U.S.C. 119, 120, or 365(c), each claim 
limitation must be expressly 
implicitly, or inherently supported 
in the originally filed disclosure.^^ 
Furthermore, each claim must include 
all elements which applicant has 
described as essential.^'* 

If the originally filed disclosure does 
not provide support for each claim 
limitation, or if an element which 
applicant describes as essential or 
critical is not claimed, a new or 
amended claim must be rejected under 
35 U.S.C. 112, ^ 1, as lacking adequate 
written description, or in the case of a 
claim for priority under 35 U.S.C. 119, 
120, or 365(c), the claim for priority 
must be denied. 

in. Complete Patentability 
Determination Under All Statutory 
Requirements and Clearly 
Communicate Findings, Conclusions, 
and Their Bases 

The above only describes how to 
determine whether the written 
description requirement of 35 U.S.C. 
112, H 1, is satisfied. Regardless of the 
outcome of that determination, Office 
personnel must complete the 
patentability determination under all 
the relevant statutory provisions of title 
35 of the U.S. Code. 

Once Office personnel have 
concluded analysis of the claimed 
invention under all the statutory 
provisions, including 35 U.S.C. 101, 
112, 102, and 103, they should review 
all the proposed rejections and their 
bases to confirm their correctness. Only 
then should any rejection be imposed in 
an Office action. The Office action 
should clearly communicate the 
findings, conclusions, and reasons 
which support them. When possible, the 
Office action should offer helpful 
suggestions on how to overcome 
rejections. 

A. For Each Claim Lacking Written 
Description Support, Reject the Claim 
Under Section 112,^1, for Lack of 
Adequate Written Description 

A description as filed is presumed to 
be adequate, unless or until sufficient 
evidence or reasoning to the contrary 



has been presented by the examiner to 
rebut the presumption.^^ The examiner, 
therefore, must have a reasonable basis 
to challenge the adequacy of the written 
description. The examiner has the 
initial burden of presenting by a 
preponderance of evidence why a 
person skilled in the art would not 
recognize in an applicant's disclosiue a 
description of the invention defined by 
the claims.^6 In rejecting a claim, the 
examiner must set forth express findings 
of fact regarding the above analysis 
which support the lack of written 
description conclusion. These findings 
should: 

(1] Identify the claim limitation at 
issue; and 

(2) Establish a prima facie case by 
providing reasons why a person skilled 
in the art at the time the application was 
filed would not have recognized that the 
inventor was in possession of the 
invention as claimed in view of the 
disclosure of the application as filed. A 
general allegation of "unpredictability 
in the art" is not a sufficient reason to 
support a rejection for lack of adequate 
written description. 

When appropriate, suggest 
amendments to the claims which can be 
supported by the application's v\^itten 
description, being mindful of the 
prohibition against the addition of new 
matter in the claims or description.^^ 

B. Upon Reply by Applicant, Again 
Determine the Patentability of the 
Claimed Invention, Including Whether 
the Written Description Requirement Is 
Satisfied by Reperforming the Analysis 
Described Above in View of the Whole 
Record 

Upon reply by applicant, before 
repeating any rejection under 35 U.S.C. 
112, % 1, for lack of written description, 
review the basis for the rejection in view 
of the record as a whole, including 
amendments, arguments, and any 
evidence submitted by applicant. If the 
whole record now demonstrates that the 
written description requirement is 
satisfied, do not repeat the rejection in 
the next Office action. If the record still 
does not demonstrate that the written 
description is adequate to support the 
claim(s), repeat the rejection under 35 
U.S.C. 112, 5 1, fully respond to 
applicant's rebuttal arguments, and 
properly treat any further showings 
submitted by applicant in the reply. 
When a rejection is maintained, any 
affidavits relevant to the 112, ^ 1, 
written description requirement,®® must 
be thoroughly analyzed and discussed 
in the next Office action. 



Dated: December 29, 2000. 
Q. Todd Dickinson, 

Under Secretary of Commerce for Intellectual 
Property and Director of the United States 
Patent and Trademark Office. 
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description requirement of the first paragraph 
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for original claims (see, e.g., Eli Lilly, 119 
F.3d 1559, 43 USPQ2d 1398) as well as new 
or amended claims. Most typically, the issue 
will arise in the context of determining 
whether new or amended claims are 
supported by the description of the invention 
in the application as filed [see, e.g., In re 
Wright, 866 F.2d 422. 9 USPQ2d 1649 (Fed. 
Cir. 1989)), whether a claimed invention is 
entitled to the benefit of an earlier priority 
date or effective filing date xmder 35 U.S.C. 
119, 120, or 365(c) [see, e.g., Tronzo v. 
Biomet, Inc., 156 F.3d 1154, 47 USPQ2d 1829 
(Fed. Cir. 1998); Fiers v. Revel, 984 F.2d 
1164. 25 USPQ2d 1601 (Fed. Cir. 1993); In 
re Ziegler, 992 F.2d 1197, 1200. 26 USPQ2d 
1600. 1603 (Fed. Cir. 1993)), or whether a 
specification provides support for a claim 
corresponding to a count in an interference 
(see, e.g., Fields v. Conover, 443 F.2d 1386, 
170 USPQ 276 (CCPA 1971)). 

10 VaS'Cath, Inc. v. Mahurkar, 935 F.2d at 
1563. 19 USPQ2d at 1116 (Fed. Cir. 1991). 

11 //I re Wertheim, 541 F.2d 257, 263, 191 
USPQ 90. 97 (CCPA 1976) ("we are of the 
opinion that the PTO has the initial burden 
of presenting evidence or reasons why 
persons skilled in the art would not 
recognize in the disclosure a description of 
the invention defined by the claims"). 

12 See endnote 4. 

13 For example, consider the claim "A gene 
comprising SEQID N0:1." A determination 
of what the claim as a whole covers may 
result in a conclusion that specific structures 
such as a promoter, a coding region, or other 
elements are included. Although all genes 
encompassed by this claim share the 
characteristic of comprising SEQ ID NO:l, 
there may be insufficient description of those 
specific structures [e.g., promoters, 
enhancers, coding regions, and other 
regulatory elements) which are also included. 

1^ A biomolecule sequence described only 
by a functional characteristic, without any 
known or disclosed correlation between that 
function and the structvue of the sequence, 
normally is not a sufficient identifying 



characteristic for written description 
purposes, even when accompanied by a 
method of obtaining the claimed sequence. 
For example, even though a genetic code 
table would correlate a known amino acid 
sequence with a genus of coding nucleic 
acids, the same table cannot predict the 
native, naturally occurring nucleic acid 
sequence of a naturally occurring mRNA or 
its corresponding cDNA. Cf. In re Bell, 991 
F.2d 781. 26 USPQ2d 1529 (Fed. Cir. 1993), 
and In re Deuel, 51 F.3d 1552, 34 USPQ2d 
1210 (Fed. Cir. 1995) (holding that a process 
could not render the product of that process 
obvious under 35 U.S.C. 103). The Federal 
Circuit has pointed out that under United 
States law, a description that does not render 
a claimed invention obvious cannot 
sufficiently describe the invention for the 
purposes of the written description 
requirement of 35 U.S.C. 112. EiiUliy, 119 
F.3d at 1567, 43 USPQ2d at 1405. 

Compare Fonar Corp. v. General Electric 
Co., 107 F.3d 1543, 1549, 41 USPQ2d 1801, 
1805 (Fed. Cir. 1997) ("As a general rule, 
where software constitutes part of a best 
mode of carrying out an invention, 
description of such a best mode is satisfied 
by a disclosure of the functions of the 
software. This is because, normally, writing 
code for such software is within the skill of 
the art. not requiring undue experimentation, 
once its functions have been disclosed. * * * 
Thus, flow charts or source code listings are 
not a requirement for adequately disclosing 
the functions of software."). 

15 See. e.g., Fujikawa v. Wattanasin, 93 
F.3d 1559, 1571, 39 USPQ2d 1895, 1905 
(Fed. Cir. 1996) (a "laundry list" disclosure 
of every possible moiety does not constitute 
a written description of every species in a 
genus because it would not "reasonably 
lead" those skilled in the art to any particular 
species); In re Ruschig, 379 F.2d 990, 995, 
154 USPQ 118, 123 (CCPA 1967) (*7/n- 
propylamine had been used in making the 
compound instead of n-butylamine, the 
compound of claim 13 would have resulted. 
Appellants submit to us, as they did to the 
board, an imaginary specific example 
patterned on specific example 6 by which the 
above butyl compoimd is made so that we 
can see what a simple change would have 
resulted in a specific supporting disclosure 
being present in the present specification. 
The trouble is that there is no such 
disclosure, easy though it is to imagine it.") 
(emphasis in original); Purdue Pharma L.P. v. 
Faulding Inc., 230 F.3d 1320, 1328. 56 
USPQ2d 1481, 1487 (Fed. Cir. 2000) ("the 
specification does not clearly disclose to the 
skilled artisan that the inventors * * * 
considered the [) ratio to be part of their 
invention * * *. There is therefore no force 
to Purdue's argument that the written 
description requirement was satisfied 
because the disclosure revealed a broad 
invention from which the [later-filed) claims 
carved out a patentable portion"). 

'6 35 U.S.C. §§ 132 and 251. See also In re 
Rasmussen, 650 F.2d 1212, 1214, 211 USPQ 
323, 326 (CCPA 1981). See Manual of Patent 
Examining Procedure (MPEP) §§2163.06- 
2163.07 (7th Ed., Rev. 1, Feb. 2000) for a 
more detailed discussion of the written 
description requirement and its relationship 
to new matter. 



The claims as filed in the original 
specification are part of the disclosure and, 
therefore, if an application as originally filed 
contains a claim disclosing material not 
found in the remainder of the specification, 
the applicant may amend the specification to 
include the claimed subject matter. In re 
Benno, 768 F.2d 1340. 226 USPQ 683 (Fed. 
Cir. 1985). 

•8 See, e.g., In re Lukach, 442 F.2d 967, 169 
USPQ 795 (CCPA 1971) (subgenus range was 
not supported by generic disclosure and 
specific example within the subgenus range); 
In re Smith, 458 F.2d 1389, 1395, 173 USPQ 
679, 683 (CCPA 1972) (a subgenus is not 
necessarily described by a genus 
encompassing it and a species upon which it 
reads). 

»9 In re Oda, 443 F.2d 1200. 170 USPQ 260 
(CCPA 1971). With respect to the correction 

of sequencing errors in applications 
disclosing nucleic acid and/or amino acid 
sequences, it is well known that sequencing 
errors are a common problem in molecular 
biology. See, e.g., Peter Richterich, 
Estimation of Errors in 'Raw' DNA 
Sequences: A Validation Study, 8 Genome 
Research 251-59 (1998). If an application as 
filed includes sequence information and 
references a deposit of the sequenced 
material made in accordance with the 
requirements of 37 CFR § 1.801 et seq., 
amendment may be permissible. 

20 Corrections of minor errors in the 
sequence may be possible based on the 
argument that one of skill in the art would 
have resequenced the deposited material and 
would have immediately recognized the 
minor error. Deposits made after the filing 
date can only be relied upon to provide 
support for the correction of sequence 
information if applicant submits a statement 
in compliance with 37 CFR § 1.804 stating 
that the biological material which is 
deposited is a biological material specifically 
defined in the application as filed. 

2^ See, e.g., Gentry Gallery, Inc. v. Berkline 
Corp., 134 F.3d 1473, 45 USPQ2d 1498 (Fed. 
Cir. 1998) (claims to a sectional sofa 
comprising, inter alia, a console and a 
control means were held invalid for failing to 
satisfy the written description requirement 
where the claims were broadened by 
removing the location of the control means.); 
Johnson Worldwide Associates v. Zebco 
Corp., 175 F.3d 985, 993, 50 USPQ2d 1607, 
1613 (Fed. Cir. 1999) (In Gentry Gallery, the 
"court's determination that the patent 
disclosure did not support a broad meaning 
for the disputed claim terms was premised 
on clear statements in the written description 
that described the location of a claim 
element — the 'control means' — as 'the only 
possible location' and that variations were 
'outside the stated purpose of the invention.' 
Gentry Gallery, 134 F.3d at 1479, 45 USPQ2d 
at 1503. Gentry Gallery, then, considers the 
situation where the patent's disclosure makes 
crystal clear that a particular [i.e., narrow) 
understanding of a claim term is an 'essential 
element of [the inventor's) invention.* "); 
Tronzo v. Biomet, 156 F.3d at 1158-59, 47 
USPQ2d at 1833 (Fed. Cir. 1998) (claims to 
generic cup shape were not entitled to filing 
date of parent application which disclosed 
"conical cup" in view of the disclosure of the 
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parent application stating the advantages and 
importance of the conical shape.). 

22 See Gentry Gallery, 134 F.3d at 1480, 45 
USPQ2d at 1503; In re Sus, 306 F.2d 494, 
504, 134 USPQ 301, 309 (CCPA 1962) ('*[0]ne 
skilled in this art would not be taught by the 
written description of the invention in the 
specification that any 'aryl or substituted aryl 
radical' would be suitable for the purposes of 
the invention but rather that only certain aryl 
radicals and certain specifically substituted 
aryl radicals [i.e., aryl azides] would be 
suitable for such purposes/') (emphasis in 
original). A claim which omits matter 
disclosed to be essential to the invention as 
described in the specification or in other 
statements of record may also be subject to 
rejection under 35 U.S.C. 112, ^ 1, as not 
enabling, or under 35 U.S.C. 112, % 2. See In 
re Mayhew, 527 F.2d 1229. 188 USPQ 356 
(CCPA 1976); In re Venezia, 530 F.2d 956, 
189 USPQ 149 (CCPA 1976); and In re 
Collier, 397 F.2d 1003, 158 USPQ 266 (CCPA 
1968), See also MPEP § 2172,01. 

23 5ee, e.g., Vas-Cath, Inc., 935 F.2d at 
1563-64, 19 USPQ2d at 1117. 

24 Werthe/m. 541 F.2d at 262, 191 USPQ at 
96. 

25 5eeMPEP §§ 714.02 and 2163.06 
("Applicant should * * * specifically point 
out the support for any amendments made to 
the disclosure."); and MPEP § 2163.04 ("If 
applicant amends the claims and points out 
where and/or how the originally filed 
disclosure supports the amendinent(s). and 
the examiner finds that the disclosure does 
not reasonably convey that the inventor had 
possession of the subject matter of the 
amendment at the time of the filing of the 
application, the examiner has the initial 
burden of presenting evidence or reasoning 
to explain why persons skilled in the art 
woiild not recognize in the disclosure a 
description of the invention defined by the 
claims,"). 

26 See In re Smith, 458 F.2d 1389, 1395, 
173 USPQ 679, 683 (CCPA 1972) ("Precisely 
how close [to the claimed invention] the 
description must come to comply with § 112 
must be left to case-by-case development."); 
In re Wertheim, 541 F,2d at 262, 191 USPQ 
at 96 (inquiry is primarily factual and 
depends on the nature of the invention and 
the amount of knowledge imparted to those 
skilled in the art by the disclosure). 

27 5ee, e.g., In re Morris, 127 F.3d 1048, 
1053-54, 44 USPQ2d 1023. 1027 (Fed. Cir. 
1997). 

28 "Preamble language" is that language in 
a claim appearing before the transitional 
phase, e.g., before "comprising," "consisting 
essentially of," or "consisting of." 

29 The transitional term "comprising" (and 
other comparable terms, e.g., "containing," 
"including," and "having") is "open-ended — 
it covers the expressly recited subject matter, 
alone or in combination with uiurecited 
subject matter. See, e.g., Genentech, Inc. v. 
Chiron Corp., 112 F.3d 495, 501, 42 USPQ2d 
1608, 1613 (Fed. Cir. 1997) (" 'Comprising' is 
a term of art used in claim language which 
means that the named elements are essential, 
but other elements may be added and still 
form a construct within the scope of the 
claim."); Ex parte Davis, 80 USPQ 448, 450 
(Bd. App. 1948) ("comprising" leaves the 



"claim open for the inclusion of unspecified 
ingredients even in major amounts"). "By 
using the term 'consisting essentially of,' the 
drafter signals that the invention necessarily 
includes the listed ingredients and is open to 
unlisted ingredients that do not materially 
affect the basic and novel properties of the 
invention. A 'consisting essentially or claim 
occupies a middle ground between closed 
claims that are written in a 'consisting of 
format and fully open claims that are drafted 
in a 'comprising' format." PPG Industries v. 
Guardian Industries, 156 F.Sd 1351, 1354. 48 
USPQ2d 1351, 1353-54 (Fed. Cir. 1998). For 
the purposes of searching for and applying 
prior art under 35 U.S.C. 102 and 103, absent 
a clear indication in the specification or 
claims of what the basic and novel 
characteristics actually are, 'consisting 
essentially of will be construed as equivalent 
to "comprising." See, e.g., PPG, 156 F.3d at 
1355, 48 USPQ2d at 1355 ("PPG could have 
defined the scope of the phrase "consisting 
essentially of* for purposes of its patent by 
making clear in its specification what it 
regarded as constituting a material change in 
the basic and novel characteristics of the 
invention."). See also In re Janakirama-Rao, 
317 F.2d 951, 954, 137 USPQ 893, 895-96 
(CCPA 1963). If an applicant contends that 
additional steps or materials in the prior art 
are excluded by the recitation of "consisting 
essentially of," applicsmt has the burden of 
showing tiiat the introduction of additional 
steps or components would materially 
change the characteristics of applicant's 
invention. In re De Lajarte, 337 F.2d 870, 143 
USPQ 256 (CCPA 1964). 

30 See PaC'Tec Inc. v. Amerace Corp., 903 
F.2d 796. 801, 14 USPQ2d 1871, 1876 (Fed. 
Cir. 1990) (determining that preamble 
language that constitutes a structural 
limitation is actually part of the claimed 
invention). 

3^ An applicant shows possession of the 
claimed invention by describing the claimed 
invention with all of its limitations. 
Lockwood, 107 F.3d at 1572, 41 USPQ2d at 
1966. 

32 See, e.g., Bell Communications Research, 
Inc. V. Vitalink Communications Corp., 55 
F.3d 615, 620, 34 USPQ2d 1816, 1820 (Fed. 
Cir. 1995) ("[A] claim preamble has the 
import that the claim as a whole suggests for 
it."); Corning Glass Works v. Sumitomo Elec. 
U.S.A., Inc., 868 F.2d 1251, 1257. 9 USPQ2d 
1962. 1966 (Fed. Cir. 1989) (The 
determination of whether preamble 
recitations are structural limitations can be 
resolved only on review of the entirety of the 
application "to gain an understanding of 
what the inventors actually invented and 
intended to encompass by the claim."). 

33 An element may be critical where those 
of skill in the art would require it to 
determine that applicant was in possession of 
the invention. Compare Rasmussen, 650 F.2d 
at 1215, 211 USPQ at 327 ("one skilled in the 
art who read Rasmussen's specification 
would understand that it is unimportant how 
the layers are adhered, so long as they are 
adhered") (emphasis in original), with 
Amgen, Inc. v. Chugai Pharmaceutical Co., 
Ltd., 927 F.2d 1200, 1206, 18 USPQ2d 1016, 
1021 (Fed. Cir. 1991) ("it is well established 
in our law that conception of a chemical 



compound requires that the inventor be able 
to define it so as to distinguish it from other 
materials, and to describe how to obtain it"). 

34 See, e.g., Wang Labs. v. Toshiba Corp., 
993 F.2d 858, 865, 26 USPQ2d 1767. 1774 
(Fed. Qr. 1993). 

35 See, e.g., Hybritech, Inc. v. Monoclonal 
Antibodies, Inc., 802 F.2d 1367. 1379-80, 231 
USPQ 81, 90 (Fed. Cir. 1986). 

36 See, e.g., Purdue Pharma L.P.v. 

Paulding Inc., 230 F.3d 1320, , 56 

USPQ2d 1481. 1483 (Fed. Cir. 2000) (tiie 
written description "inquiry is a factual one 
and must be assessed on a case-by-case 
basis"); see also Pfaffv. Wells Electronics, 
Inc., 55 U.S. at 66, 119 S.Ct. at 311. 48 
USPQ2d at 1646 ("The word 'invention' must 
refer to a concept that is complete, rather 
than merely one that is 'substantially 
complete.' It is true that reduction to practice 
ordinarily provides the best evidence that an 
invention is complete. But just because 
reduction to practice is sufficient evidence of 
completion, it does not follow that proof of 
reduction to practice is necessary in every 
case. Indeed, both the facts of the Telephone 
Cases and the facts of this case demonstrate 
that one can prove that an invention is 
complete and ready for patenting before it 
has actually been reduced to practice."). 

37 Cooper V. Goldfarb, 154 F.3d 1321, 1327. 
47 USPQ2d 1896, 1901 (Fed. Cir. 1998). See 
also UMCEIecs. Co. v. United States, 816 
F.2d 647, 652. 2 USPQ2d 1465. 1468 (Fed. 
Cir. 1987) ("[Tjhere cannot be a reduction to 
practice of the invention * * * without a 
physical embodiment which includes all 
limitations of the claim."); Estee Lauder Inc. 
V. L'Oreal, S.A., 129 F.3d 588, 593, 44 
USPQ2d 1610, 1614 (Fed. Cir. 1997) ("[A] 
reduction to practice does not occur until the 
inventor has determined that the invention 
will work for its intended piupose."); 
Mahurkarv. C.R. Bard, Inc., 79 F.3d 1572, 
1578, 38 USPQ2d 1288, 1291 (Fed. Cir. 1996) 
(determining that the invention will work for 
its intended purpose may require testing 
depending on the character of the invention 
and the problem it solves). 

38 3 7 CFR 1.804. 1.809. See also endnote 

6. 

39 See, e.g., Vas-Cath, 935 F.2d at 1565, 19 
USPQ2d at 1118 ("drawings alone may 
provide a 'written description' of an 
invention as required by § 112"); In re 
Wolfensperger, 302 F.2d 950, 133 USPQ 537 
(CCPA 1962) (the drawings of applicant's 
specification provided sufficient written 
descriptive support for the claim limitation at 
issue); Autogiro Co. of America v. United 
States, 384 F.2d 391, 398, 155 USPQ 697. 703 
(Ct. CI. 1967) ("In those instances where a 
visual representation can fiesh out words, 
drawings may be used in the same manner 
and with the same limitations as the 
specification."). 

40 See, e.g., Eli Lilly, 119 F.3d at 1568, 43 
USPQ2d at 1406 ("In claims involving 
chemical materials, generic formulae usually 
indicate with specificity what the generic 
claims encompass. One skilled in the art can 
distinguish such a formula from others and 
can identify many of the species that the 
claims encompass. Accordingly, such a 
formula is normally an adequate description 
of the claimed genus."). 
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See Hybritech v. Monoclonal Antibodies^ 
802 F.2d at 1384, 231 USPQat 94; Fonar 
Corp. V. General Electric Co., 107 F. 3d at 
1549, 41 USPQ2d at 1805 (source code 
description not required), 

*2 For example, the presence of a 
restriction enzyme map of a gene may be 
relevant to a statement that the gene has been 
isolated. One skilled in the art may be able 
to determine when the gene disclosed is the 
same as or different from a gene isolated by 
another by comparing the restriction enzyme 
map. In contrast, evidence that the gene 
could be digested with a nuclease would not 
normally represent a relevant characteristic 
since any gene would be digested with a 
nuclease. Similarly, isolation of an mRNA 
and its expression to produce the protein of 
interest is strong evidence of possession of an 
mRNA for the protein. 

For some biomolecules. examples of 
identifying characteristics include a 
sequence, structure, binding affinity, binding 
specificity, molecular weight, and length. 
Although structural formulas provide a 
convenient method of demonstrating 
possession of specific molecules, other 
identifying characteristics or combinations of 
characteristics may demonstrate the requisite 
possession. For example, unique cleavage by 
pcirticular enzymes, isoelectric points of 
fragments, detailed restriction enzyme maps, 
a comparison of enzymatic activities, or 
antibody cross-reactivity may be sufficient to 
show possession of the claimed invention to 
one of skill in the art. See Lockwood, 107 
F.3d at 1572, 41 USPQ2d at 1966 ("written 
description" requirement may be satisfied by 
using "such descriptive means as words, 
structures, figures, diagrams, formulas, etc., 
that fully set forth the claimed invention"). 

43 A definition by function alone "does not 
suffice" to sufficiently describe a coding 
sequence "because it is only an indication of 
what the gene does, rather than what it is." 
Eli Ully, 119 F.3 at 1568, 43 USPQ2d at 1406. 
See also Fiers, 984 F.2d at 1169-71. 25 
USPQ2d at 1605-06 (discussing Amgen Inc. 
v. Chugai Pharmaceutical Co., 927 F.2d 1200. 
18 USPQ2d 1016 (Fed. Cir. 1991)). 

44 If a claim limitation invokes 35 U.S.C. 
112, 1 6, it must be interpreted to cover the 
corresponding structure, materials, or acts in 
the specification and "equivalents thereof." 
See 35 U.S.C. 112, ^ 6. See also B. Braun 
Medical, Inc. v. Abbott Lab., 124 F.3d 1419, 
1424, 43 USPQ2d 1896, 1899 (Fed. Cir. 
1997). In considering whether there is 35 
U.S.C. 112, ^ 1, support for a means- (or step) 
plus-function claim limitation, the examiner 
must consider not only the original 
disclosure contained in the summary and 
detailed description of the invention portions 
of the specification, but also the original 
claims, abstract, and drawings. A means- (or 
step-) plus-function claim limitation is 
adequately described imder 35 U.S.C. 112, ^ 
1, if: (1) The written description adequately 
links or associates adequately described 
particular structure, material, or acts to the 
function recited in a means- (or step-) plus- 
function claim limitation; or (2) it is clear 
based on the facts of the application that one 
skilled in the art would have known what 
structure, material, or acts perform the 
function recited in a means- (or step-) plus- 



function limitation. Note also: A rejection 
under 35 U.S.C. 112, ^ 2, "cannot stand 
where there is adequate description in the 
specification to satisfy 35 U.S.C. 112, first 
paragraph, regarding means-plus-function 
recitations that are not, per se, challenged for 
being unclear." In re Noll, 545 F.2d 141, 149, 
191 USPQ 721, 727 (CCPA 1976). See 
Su pplemen tal Examina tion Guidelin es for 
Determining the Applicability of 35 U.S.C. 
112, y 6, 65 FR 38510, June 21, 2000. 

45 See Hybritech Inc. v. Monoclonal 
Antibodies, Inc., 802 F.2d at 1384, 231 USPQ 
at 94. 

46 See, e.g., Vas-Cath, 935 F.2d at 1563, 19 
USPQ2d at 1116; Martin v. Johnson, 454 F.2d 
746, 751, 172 USPQ 391, 395 (CCPA 1972) 
(stating "the description need not be in ipsis 
verbis [i.e., "in the same words"] to be 
sufficient"). 

47 A claim which is limited to a single 
disclosed embodiment or species is analyzed 
as a claim dravra to a single embodiment or 
species, whereas a claim which encompasses 
two or more embodiments or species within 
the scope of the claim is analyzed as a claim 
drawn to a genus. See also MPEP § 806.04(e). 

48 35 U.S.C. 112, <0 1. Cf Fields v. Conover, 
443 F.2d 1386, 1392, 170 USPQ 276, 280 
(CCPA 1971) (finding a lack of written 
description because the specification lacked 
the "full, clear, concise, and exact v^nritten 
description" which is necessary to support 
the claimed invention). 

49 For example, if the art has established 
a strong correlation between structure and 
function, one skilled in the art would be able 
to predict with a reasonable degree of 
confidence the structure of the claimed 
invention from a recitation of its function. 
Thus, the written description requirement 
may be satisfied through disclosiire of 
function and minimal structure when there is 
a well-established correlation between 
structure and function. In contrast, without 
such a correlation, the capability to recognize 
or understand the structure from the mere 
recitation of function and minimal structiu'e 
is highly unlikely. In this latter case, 
disclosiire of function alone is little more 
than a wish for possession; it does not satisfy 
the written description requirement. See Eli 
Ully, 119 F.3d at 1568. 43 USPQ2d at 1406 
(written description requirement not satisfied 
by merely providing "a result that one might 
achieve if one made that invention"); In re 
Wilder, 736 F.2d 1516, 1521, 222 USPQ 369, 
372-73 (Fed. Cir. 1984) (affirming a rejection 
for lack of written description because the 
specification does "little more than outline 
goals appellants hope the claimed invention 
achieves and the problems the invention will 
hopefully ameliorate"). Compare Fonar, 107 
F.ad at 1549, 41 USPQ2d at 1805 (disclosure 
of software function adequate in that art). 

50 See Eli Ully, 119 F.3d at 1568. 43 
USPQ2d at 1406. 

51 See, e.g., In re Hayes Microcomputer 
Products, Inc. Patent Litigation, 982 F.2d 
1527, 1534-35, 25 USPQ2d 1241, 1246 (Fed. 
Cir. 1992) ("One skilled in the art would 
know how to program a microprocessor to 
perform the necessary steps described in the 
specification. Thus, an inventor is not 
required to describe every detail of his 
invention. An applicant's disclosure 



obligation varies according to the art to 
which the invention pertains. Disclosing a 
microprocessor capable of performing certain 
functions is sufficient to satisfy the 
requirement of section 112, first paragraph, 
when one skilled in the relevant art would 
understand what is intended and know how 
to carry it out.") 

52 See, e.g., Fiers v. Revel, 984 F.2d at 1169, 
25 USP(i2d at 1605; Amgen., 927 F.2d at 
1206, 18 USPQ2d atl021. Where the process 
has actually been used to produce the 
product, the written description requirement 
for a product-by-process claim is clearly 
satisfied; however, the requirement may not 
be satisfied where it is not clear that the acts 
set forth in the specification can be 
performed, or that the product is produced 
by that process. 

53 See, e.g., Amgen, 927 F.2d atl206, 18 
USPQ2d at 1021 ("A gene is a chemical 
compound, albeit a complex one, and it is 
well established in our law that conception 
of a chemical compound requires that the 
inventor be able to define it so as to 
distinguish it from other materials, and to 
describe how to obtain it. Conception does 
not occur imless one has a mental pictvire of 
the structure of the chemical, or is able to 
define it by its method of preparation, its 
physical or chemical properties, or whatever 
characteristics sufficiently distinguish it. It is 
not sufficient to define it solely by its 
principal biological property, e.g., encoding 
human erythropoietin, because an alleged 
conception having no more specificity than 
that is simply a wish to know the identity of 
any material with that biological property. 
We hold that when an inventor is unable to 
envision the detailed constitution of a gene 
so as to distinguish it from other materials, 
as well as a method for obtaining it, 
conception has not been achieved until 
reduction to practice has occiu-red, i.e., until 
after the gene has been isolated.") (citations 
omitted). In such instances the alleged 
conception fails not merely because the field 
is impredictable or because of the general 
uncertainty surrounding experimental 
sciences, but because the conception is 
incomplete due to factual imcertainty that 
undermines the specificity of the inventor's 
idea of the invention. Burroughs Wellcome 
Co. V. Barr Laboratories Inc., 40 F.3d 1223, 
1229, 32 USPQ2d 1915, 1920 (Fed. Cir. 
1994). Reduction to practice in effect 
provides the only evidence to corroborate 
conception (and therefore possession) of the 
invention. Id. 

54 See Eli Ully, 119 F.3d at 1568, 43 
USPQ2d at 1406, 

55 See, e.g., Rasmussen, 650 F.2d at 1214, 
211 USPQat 326-27 (disclosure of a single 
method of adheringly applying one layer to 
another was sufficient to support a generic 
claim to "adheringly applying" because one 
skilled in the art reading the specification 
would understand that it is unimportant how 
the layers are adhered, so long as they are 
adhered); In re Herschler, 591 F.2d 693, 697, 
200 USPQ 711. 714 (CCPA 1979) (disclosure 
of corticosteriod in DMSO sufficient to 
support claims drawn to a method of using 

a mixture of a "physiologically active 
steroid" and DMSO because "use of known 
chemical compoimds in a manner auxiliary 
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to the invention must have a corresponding 
written description only so specific as to lead 
one having ordinary skill in die art to that 
class of compounds. Occasionally, a 
hmctional recitation of those known 
compounds in the specification may be 
sufficient as that description."); in ^ Smythe, 
480 F.2d 1376, 1383, 178 USPQ279, 285 
(CCPA 1973) (the phrase "air or other gas 
which is inert to the liquid" was sufficient 
to support a claim to "inert fluid media" 
because the description of the properties and 
functions of the air or other gas segmentizing 
medium would suggest to a person skilled in 
the art that appellant's invention includes the 
use of "inert fluid" broadly.). However, in 
Tronzo v. Biomet, 156 F.3d at 1159, 47 
USPQ2d atl833 (Fed. Cir. 1998), the 
disclosure of a species in the parent 
application did not suffice to provide written 
description support for the genus in the child 
application. 

56 See, e.g., EH Lilly. 

57 For example, in the molecular biology 
arts, if an applicant disclosed an amino acid 
sequence, it would be unnecessary to provide 
an expUcit disclosure of nucleic acid 
sequences that encoded the amino acid 
sequence. Since the genetic code is widely 
known, a disclosure of an amino acid 
sequence would provide sufficient 
information such that one would accept that 
an applicant was in possession of the full 
genus of nucleic acids encoding a given 
amino acid sequence, but not necessarily any 
particular species. Cf. In re Bell, 991 F.2d 
781. 785, 26 USPQ2d 1529, 1532 (Fed. Cir. 
1993) and In re Baird, 16 F.3d 380, 382, 29 
USPQ2d 1550, 1552 (Fed. Cir. 1994). 

58 See Wertheim, 541 F.2d at 263, 191 
USPQ at 97 ("[T]he PTO has the initial 
burden of presenting evidence or reasons 
why persons skilled in the art would not 
recognize in the disclosure a description of 
the invention defined by the claims."). 

59 See MPEP §§ 714.02 and 2163.06 
("Applicant should * * * specifically point 
out the support for any amendments made to 
the disclosure."). 

60 See, e.g.. In re Wright, 866 F.2d 422. 425. 
9 USPQ2d 1649, 1651 (Fed. Cir. 1989) 
(Original specification for method of forming 
images using photosensitive microcapsules 
which describes removal of microcapsules 
from surface and warns that capsules not be 
disturbed prior to formation of image, 
unequivocally teaches absence of 
permanenUy fixed microcapsules and 
supports amended language of claims 
requiring that microcapsules be "not 
permanently fixed" to underlying surface, 
and therefore meets description requirement 
of 35 U.S.C. 112.). 

6> See, e.g., In re Robins, 429 F.2d 452, 
456-57, 166 USPQ 552, 555 (CCPA 1970) 
("[Wjhere no explicit description of a generic 
invention is to be found in the specification 
* * * mention of representative compounds 
may provide an implicit description upon 
which to base generic claim language."); In 
re Smith, 458 F.2d 1389. 1395, 173 USPQ 
679, 683 (CCPA 1972) (a subgenus is not 
necessarily implicitly described by a genus 
encompassing it and a species upon which it 
reads). 

62 See, e.g., In re Robertson, 169 F.3d 743, 
745, 49 USPQ2d 1949, 1950-51 (Fed. Cir. 



1999) ("To establish inherency, the extrinsic 
evidence "must make clear that the missing 
descriptive matter is necessarily present in 
the thing described in the reference, and that 
it would be so recognized by persons of 
ordinary skill. Inherency, however, may not 
be established by probabilities or 
possibilities. The mere fact that a certain 
thing may result fi-om a given set of 
circumstances is not sufficient."") (citations 
omitted). 

63 When an explicit limitation in a claim 
"is not present in the written description 
whose benefit is sought it must be shown that 
a person of ordinary skill would have 
imderstood, at the time the patent 
application was filed, that the description 
requires that limitation." Hyatt v. Boone, 146 
F.3d 1348. 1353, 47 USPQ2d 1128, 1131 
(Fed. Cir. 1998). 

^ See, e.g., Johnson Worldwide Associates 
Inc. V. Zebco Corp., 175 F.3d at 993, 50 
USPQ2d at 1613; Gentry Gallery, Inc. v. 
Berkiine Corp., 134 F.3d at 1479, 45 USPQ2d 
at 1503; Tronzo v. Biomet, 156 F.3d at 1159, 
47 USPQ2d at 1833. 

65 See, e.g.. In re Marzocchi, 439 F.2d 220, 
224, 169 USPQ 367, 370 (CCPA 1971). 

« Wertheim, 541 F.2d at 263. 191 USPQ at 
97. 

67 5ee Rasmussen, 650 F.2d at 1214. 211 
USPQ at 326. 

68 See In re Alton, 76 F.3d 1168, 1176, 37 
USPQ2d 1578, 1584 (Fed. Cir. 1996). 

(FR Doc. 01-323 Filed 1-4-01; 8:45 am] 
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CORPORATION FOR NATIONAL AND 
COMMUNITY SERVICE 

Revision of Currently Approved 
Information Collection; Comment 
Request 

AGENCY: Corporation for National and 
Community Service 
action: Notice. 

summary: The Corporation for National 
and Community Service (hereinafter 
"Corporation"), as part of its continuing 
effort to reduce paperwork and 
respondent burden, conducts a 
preclearance consultation program to 
provide the general public and Federal 
agencies with an opportunity to 
comment on proposed and/or 
continuing collections of information in 
accordance with the Paperwork 
Reduction Act of 1995 (PRA95) (44 
U.S.C. 3506(c)(2)(A)). This program 
helps to ensure diat requested data can 
be provided in the desired format, 
reporting burden (time and financial 
resources) is minimized, collection 
instruments are clearly understood, and 
the impact of collection requirement on 
respondents can be properly assessed. 

Currently, the Corporation is 
soliciting comments concerning the 
proposed revision of its Voucher and 



Payment Request Form (OMB #3045- 
0014). 

Copies of the forms can be obtained 
by contacting the office listed below in 
the address section of this notice. 
DATES: Written comments must be 
submitted to the office listed in the 
ADDRESSES section by March 6, 2001. 

addresses: Send comments to Levon 
BuUer, National Service Trust, 
Corporation for National and 
Community Service, 1201 New York 
Ave., NW., Washington, DC 20525. 
FOR FURTHER INFORMATION CONTACT: 
Levon Buller, (202) 606-5000, ext. 383. 
SUPPLEMENTARY INFORMATION: The 

Corporation is particularly interested in 
comments which: 

• Evaluate whether the proposed 
collection of information is necessary 
for the proper performance of the 
functions of the Corporation, including 
whether the information will have 
practical utility; 

• Evaluate the accuracy of the 
agency's estimate of the biu-den of the 
proposed collection of information, 
including the validity of the 
methodology and assumptions used; 

• Enhance the quality, utility and 
clarity of the information to be 
collected; and 

• Minimize the burden of the 
collection of information on those who 
are to respond, including through the 
use of appropriate automated, 
electronic, mechanical, or other 
technological collection techniques or 
other forms of information technology, 
e.g., permitting electronic submissions 
of responses. 

Background 

The Corporation supports programs 
that provide opportunities for 
individuals who want to become 
involved in national service. The service 
opportunities cover a wide range of 
activities over varying periods of time. 
Upon successfully completing an 
agreed-upon term of service in an 
approved AmeriCorps program, a 
national service participant — an 
AmeriCorps member — ^receives an 
"education award". This award is an 
amount of money set aside in the 
member's name in the National Service 
Trust Fund. This education award can 
be used to make payments towards 
qualified student loan or pay for 
educational expenses at qualified post- 
secondary institutions and approved 
school-to-work opportunities programs. 
Members have seven years in which to 
draw against any unused balance. 

The National Service Trust is the 
office within the Corporation that 
administers the education award 
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INTRODUCTION 

The proliferation of vascular smooth muscle cells (VSMC) is a frequent conse- 
quence following endothelial injury, and is, indeed, thought to be an important 
early pathogenetic event in the evolution of the atherosclerotic plaque. The patho- 
physiologic, cellular, and molecular mechanisms underlying VSMC proliferation 
in atherosclerosis have recently been reviewed by Ross.^ Under normal circum- 
siances, the responsiveness of cells to mitogenic stimuli appears to be stringently 
controlled. 2 In addition to mitogens and promoters of cell growth, a number of 
molecules have been described in recent years that inhibit the growth of various 
cell types. These include interferon, retinoic acid, and transforming growth fac- 
tor-^ (JGF-p). For the past decade or so, our laboratory has been studying the 
regulation of vascular cell growth. In particular, we pursued our original observa- 
tion that the glycosaminoglycan, heparin, inhibits the growth VSMC both in 
vivo,^'^ following endothelial injury,^ and in vitro More recently, we have been 
investigating the mechanisms of action responsible for heparin's growth-inhibi- 
tory activity, and the specific soructural requirements underlying this activity. 
Heparan sulfates, produced by endothelial cells (EC)^ and VSMC,^ are also 
growth inhibitory of VSMC. Production of VSMC-inhibitciy heparan sulfates by 
VSMC in vitro suggests autocrine secretion and a degree of autoregulatton of 
VSMC growth, reminiscent of the behavior of other growth inhibitors, such as 
TGF-jS.^ Similar to TGF-/3 is the fact that heparin/heparan can have bifunctional 
effects, e.g., stimulatory for EC grown in the presence of fibroblast growth factor 
(FGF),>^ and inhibitory for VSMC* Taken all in all, the data from our laboratory 
and that of others strongly suggest a role for heparin/heparan molecules in the 
growth regulation of VSMC. In this article, we will review our structure-function 
studies on the inhibitory effects of heparin on VSMC proliferation both in vivo and 
in vitro, 

^ This work was supported by National Institutes of Health grants HL 17747 and CA 
14723 (MJK) and CA 39436 (TCW); JJC is an Establishedr Investigator of the American 
Heart Association. Portions of this work were supported by the generous gifts of the Institut 
Choay, Paris, France. 
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IN VIVO STUDIES 

In 1977, Clowes and Kamovsky^ first showed that heparin inhibited the well- 
known proliferation of VSMC that occurs in arteries following endothelial injury. 
We developed an air-drying injury model for desiccating the endothelium of an 




FIGURE 1. Composite histological figure illustrating the response of the rat carotid wall to 
endothelial denudation. To aid comparison of intimal thickening at each stage, the elastic 
laminae are aligned; the lumen is at the right in each panel, and the central area of the injured 
segment is shown in each case. The endothelium and thin intima are not visible at this 
magnification. (A) Normal, uninjured vessel. (B) Four days after denudation of endothelium 
there is edema of the media. (C) Seven days after denudation. (D) Fourteen days after 
iqjury, showing massive intimal thickening. (From Fishman et alJ Reproduced with permis- 
sion from the U.S.-Canadian Academy of Pathology, Inc.) 

isolated segment of the rat carotid;^ upon restoration of blood flow, there was 
rapid deposition of platelets in the injured segment, followed within a few days by 
massive intimal proliferation of VSMC, presumably as a consequence of release 
of platelet-derived growth factor emd other mitogens from the deposited platelets 
(FlO. 1). Similar results have been obtained by others using a balloon catheter 
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FIGURE 2. Appearance of intimal plaque near Uie midpoint of ii\)ured arterial segment 
fourteen days after iiyury. (A, C) Control rats not treated with heparin. Note the substantial 
myointunai proliferation in the control animals. (B) Rai given dose of anticoagulant heparin 
(0.5 mg/Kg/h). Note the greatly reduced degree of myointimal thickening. (D) Rat treated 
with nonanticoagulant heparin (0.5 mg/kg/h). Note again the greatly reduced degree of 
myointimal thickening. (A and B fyom Clowes and Kamovsky,^ Reproduced with pennis- 
sion from Nature; C and D from Guyion ei al.,* Reproduced with permission firom Circula- 
tion Research,) 
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iruury model (e.^ » ref U). Interestingly, in our model, VSMC proliferation ap- 
peared to cease upon reendoihelialization, leading us to hypothesize that the 
overlying layer of EC might in some fashion regulate VSMC proliferation.^ 

Because the clotting sequence is presumably activated in this vascular injury, 
and because thrombin had been shown to be a mitogen for some cell types, we 
tested the effect of heparin in the rat carotid after the air-dry injury.^ Heparin 
almost completely abolished VSMC hyperplasia following EC injury (Fio. 2); this 
efTect was not due to changes in platelet flinctions or the rate of EC regeneration.^ 

The next question was whether this dramatic inhibitory effect was due to the 
anticoagulant {i.e., antithrombin lU-binding) activities of heparin » or was a sepa- 
rate nonanticoagulant activity. In collaboration with Dr. Robert Rosenberg, we 
tested heparin which had been separated into purified anticoagulant (AC) and 
nonanticoagulant (NAC) fractions, using antithrombin III affinity chromatogra- 
phy. Both fractions clearly inhibited VSMC proliferation in the injured carotid 
(Fig. 2), and^ on a molar basis, both fractions were equally potent/ Therefore, 
antiproltferative activity is clearly separate from anticoagulant activity. Recently^ 
Qowes and Clowes, using a balloon catheter injury model in the rat carotid, 
have confirmed these observations, and showed, furthermore, that heparin 
blocked the migration of VSMC from the media to the intima as well. Similarly, in 
an experimental model for idiopathic pulmonary hypertension of the newborn, it 
was found that heparin inhibited the proliferation of VSMC in the pulmonary 
arteries of chronically hypoxic mice.^^ 

In addition to these studies on VSMC, it should be noted that AC and NAC 
heparins also block the proliferation of mesangial cells, both in vitro^^ and in 
models of experimental proliferative glomerulonephritis in mvo.^^'^^ 
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IN VITRO STUDIES 
General 

To develop a model system for analyzing the antiproliferative effect of heparin 
and derivatives on VSMC, we tested the ability of heparin to inhibit the growth of 
cultured VSMC. VSMC from a variety of vessels and species have been exam- 
ined, including rat, calf and monkey aortae, rat mesenteric artery, and fetal bo- 
vine pulmonary arteries: all are maricedly sensitive to the grow^-inhibitory ef- 
fects of heparin/*^ As pointed out above, mesangial cells are also very sensitive.^^ 
A number of studies on the effect of heparin on the proliferation of other cell types 
has been reported,**-^* with contradictory results; we will not enter into a discus- 
sion of these observations. In our laboratory, when we tested heparin on a variety 
of cell types, we found that many cells, including EC, certain fibroblast cell lines, 
virally transformed cells, and Madin-Derby canine kidney epithelial cells were 
very much less sensitive than VSMC.^*^ However, under specific conditions, rat 
cervical epithelial cells were sensitive this suggests that cells other than VSMC 
nt may be sensitive to heparin/heparan sul&te, and that the conditions required to 

reveal such sensitivity remain to be defined. 

In this paper, we shall concentrate on studies involving VSMC. To study the 
growth effects of heparin in vitro, VSMC were growth arrested at subconfluent 
densities by serum deprivation to mimic more closely the in vivo situation, in 
which VSMC nonhally exist in a quiescent growth state.^^ The VSMC w6re 
released from the low-serum-induccd growth block (i.e., the Co state) by replacing 
the low-serum medium with normal growth medium containing 20% fetal caUT 
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serum in the presence or absence of heparin or other test compounds'^ (Fig. 3). 
The ED50 for growth inhibition by heparin was 1 to 5 /xg/ml, a level readily 
achieved in the blood of the animals in the in vivo models- 

The growth-inhibitory effects of heparin in vitro are relatively specific for this 
glycosaminoglycan, and are unrelated to anticoagulant activities. Both AC and 
NAG heparins were highly effective as VSMC antiproliferative agents, whereas 
dennatan sulfate, chondroittn-4-sulfate and chondroitin«6-sulfate and hyaluronic 
acid were virtually ineffective^ (Fig. 4). Lippman and Mathews*' had previously 
shown that the antiproliferative effects of heparin on mouse L-M cells did not 
accord with anticoagulant activities. Our results with NAG extend those observa- 
tions to the much more sensitive VSMC.^It should be noted that heparin blocks 
VSMC growth late in Gi and that the antiproliferative effects of AC and NAG are 
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DAYS AFTER RELEASE FROM Gq 

FIGURE 3. Effect of heparin and endothelial-ccU-conditlontd medium on VSMC growth. 
Sparsely plated mt aortic VSMC were growth-arrested by serum deprivation in Go. Control 
cultures were released from the Go block by placing them in their normal growth medium 
(RPMI + 20% fetal calf scrum). These cells proliferate until they are confhiem. Other 
cultures were placed in a 1 : 1 mixture of bovine aortic endothelial-cell-conditloned medium 
(BAEC-CM) and RPMI + fetal calf senim (final serum concentration 20%), or in RPMI + 
20% fetal calf serum containing the indicated concentrations of heparin. With increasing 
concentrations of heparin, there is progressive inhibition of VSMC growth. BAEC-CM also 
inhibits growth. Modified from Castellot ei alj 
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FIGUR£ 4. Effect of different glycosaminoglycans on rat SMC grow(h. (A) Ceils were 
plated and growth-arrested for AA hours in 0.4% serum. The cells were then exposed to fresh 
medium containing 20% FCS together with the indicated concentrations of ^ycosaminogly- 
cans. Cell number was measured at daily intervals. Data are expressed as maximum percent 
inhibition. (B) Cells were plated at 6 x lO'/ld-mm dish. After 24 hours, the medium was 
aspirated and replated wiA fresh medium with 20% FCS with or without the indicated 
concentrations of glycosaminoglycans: • » AC heparin, O = NAC heparin; A » dermatan 
sulfate; A = chrondroitin 4- and 6-5u]&tes; □ = hyaluronic acid. (From Castellot cXT) 



ol 
m 
er 
m 
+ 

JO 



fiiily reversible, i.e., removal of heparin and replacement with normal medium 
allows the cells to enter S-phase and to resume their normal growth rateJ^ 

To ascertain more precisely the nnolecular determinants of the antiprolifera- 
tive effect of heparin for VSMC, we have undertaken structure-function studies, 
which will be reported on briefly below. Other cell biologic aspects oif the inhibi- 
tion of VSMC growth by heparin, such as effects on the cell cycle, growth factor- 
heparin interactions, binding and internalization of heparin, effects on VSMC 
metabolism, efifects on the extracellular matrix, etc., will not be dealt with here, 
but have recently been reviewed in detail.^*^ 



STRUCTURE-FUNCTION STUDIES 

Oligosaccharide Size Reqmrements for Antiproliferative Effect on VSMC 

Two of us (MJK and JJC), initially in collaboration with Dr. Robert Rosen- 
berg's laboratory, carried out experiments to establish what size of molecule of 
heparin is effective in inhibiting VSMC growth. Fragments of heparin were pre- 
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pared by limiced digestion with niirous acid, and the discrete oligosaccharide 
fragments that were generated were fractionated by gel filtration chromatography. 
The smallest heparin fragment that retained antiproliferative activity was a hex* 
amer» whereas di- and tetrasacchahde fractions were inactive^ (Fio. 5). The 
maximum antiproliferative activity resided in dodccamer and larger fragments. 




0,10 1.0 10 

CONCENTRATION (pg/ml) 



100 



FIGURE 5. Effect of increasing coDcentrations of heparin fragments on growth of VSMC. 
Activity is expressed as percent inhibition of growth. The smallest effective molecules are 
the hexasaccharides derived from limited nitrous acid disestion of native heparin,-' and the 
synthetic pentasaccharide.^ (From CastcUot ei ai,^ Reproduced with permission of the 
Journal of Cellular Physiology.) 



These latter acQvities were equivalent to native {i.e., commercial) heparin at 
equimolecular doses. 

Although the size fractions obtained by gel filtration are homogeneous with 
respect to size, they are quite heterogeneous with respect to their content of 
specific chemical structures. The use of synthetic heparin fragments overcomes 
this drawback. 
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These fragments, produced by E>r. Jean Choay and his colleagues,^ are syn- 
y- thesized from defined monosaccharide units, and have an unambiguous structure. 

X- Using these well-defined oligo$accharide3, we found that a pentasaccharide (hav- 

le ing the uniquie structure for binding to antithrombin III) was found to have 

s- proximately the same antiproliferative activity as the hexasaccharide fraction 

obtained by nitrous acid digest of native heparin (Fio. 5). The synthetic tetrasac- 
charides, lacking either ihe reducing or non-reducing terminal sugar residue of the 
pentasaccharide, were only slightly antiproliferative.^*^ 

Influence of Sulfation on An^roltferative Activity for VSMC 

We (MJK and JJC) fiinher examined, in collaboration with Dr. Robert Rosen- 
berg's laboratory, the structural determinants of the antiproliferative effect of 
heparin on VSMC using chemically modified native (commercial) heparin.^ To- 
tally desulfated heparin lost all its anticoagulant and its antiproliferative activity; 
N-desuIfated heparin lost most of its antiproliferative activity, as well as all its 
anticoagulant activity. Acetylation of the //-positions of the Af-desulfated mole- 
cule restored most of the antiproliferative potency, but did not restore anticoagu- 
lant activity. N- and O-desulfated, Mresulfated molecules had no anticoagulant 
or inhibitory activity. 

The above results indicate that O-sulfation-^r at least a negative charge at 
the O-position — and a negative or neutral charge at the N-position, are required 
for antiproliferative activity; a positive charge at the iV-position renders the mole- 
cules inactive. 

The present authors have recently examined the relationship between size and 
charge in heparin-derived oligosaccharide fragments. The data is summarized 
below; a detailed report will be published elsewhere.^' As found previously,** the 
native (unmodified) hexa- and octasaccbarides were active, the latter more so, 
whereas the tetrasaccharide was inactive. However, O-oversulfation increased 
activity considerably for all fragments; for instance, the O-oversulfated tetrasac- 
charide became as active as the natural octasaccharide, suggesting that the degree 
of sulfation is an important factor in the antiproliferative activity (Fio. 6). 

Interestingly, in contrast to native fuU-sized heparin (of approximately 40 
saccharide residues) — which retain about 60% of the native activity upon N- 
desulfation, Maceiylaiion^—such modification of the fragments, including that 
of the octasaccharide, resulted in marked inactivation (Fio. 6). This result under- 
scores the importance of size in relation to the antiproliferative activity. When the 
iV-desulfated, N-acetylated oligosaccharides were O-oversulfated, they regained 
most of their native antiproliferative activities, i.e., the hexa- and octasaccbarides 
were once again active (FiG. 6). The degree of sulfation of the AT-desulfated, AT- 
aceiylaied, O-oversulfated fragments was similar to that of the unmodified native 
e fragments, and the antiproliferative activities were similar for each pair of com- 

pounds. The importance of charge, especially at the 0-position, is once again 
emphasized. 

Although, in general, O-oversulfalion enhanced activity of both native and 
t modified fhtgments, when, within each group the relationship between size and 

charge was examined, it was clear that both the size of the oligosaccharides and 
1 the degree of sulfation were important in determining antiproliferative activity, 

f For instance, in the case of O-ovcrsulfatlon of native fragments, the ranking octa^ 

5 > hexa- > tetrasaccharide was maintained, despite the increase in activity for 

each oligosaccharide over the unmodified molecule (Fio. 6). Similar relationships 
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FIGURE 6. Effect of chemical modification and chai^ge on aniiprolifenitive activity of 
oligosacchaiides. Cell number was determined after treatment for 5 to 7 days with the 
various concentrations of chemically modified octa^, hexa- and tetrasacchaiides. Both rat 
VSMC and caJf VSMC were released from Go block on day 0. Growth inhibition is expressed 
as percent inhibition of growth: O » oversuli^ted oligosaccharides; • — unmodified oligo- 
saccharides; ■ = A^desulfated, /^-acetylated, O-oversuIfated; □ « AMesulfated, iV*acety^ 
lated. (From Wnght qLP) 

arc mentioned above for the N-desulfated, A^-acetylated, O-oversulfated oligosac- 
charides. 

Another approach to analyzing the interdependence of size and charge on 
antiproliferative activity was to use hexasaccharides prepared from native hepa- 
rin by nitrous acid cleavage, with subsequent separation into fractions of differing 
size densities on the basis of ion-exchange chromatography. These preparations 
allowed for testing of a wide range of naturally occurring charge densities within a 
given size of oligosaccharide. With hexasaccharide fragments, there was clearly 
increasing growth inhibition as the charge of the oligosaccharide increased, and 
the most charged hexasaccharide fraction had equivalent potency to the nonfrac- 
tionated oligosaccharide^ (Fig. 7). 
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Ro!e of Aniithrombin-'III'binding Sequence and J-OSulfaie Glucosamine 

As mentioned above, the synthetic pentasaccharide that is identical to the 
sequence required for heparin-antilhrombin III binding^ has antiproliferative ac- 
tivity as well. Removal of the 3-0-sulfate on the internal glucosamine almost 
completely abolished the antiproliferative activity. The importance of the other 
sulfates is currently being tested. As we have clearly shown that NAC heparin 
(/,e., heparin thai does not bind to antithrombin UI) is also antiproliferative,^*^*^ it 
is, at first sight, somewhat paradoxical that the pentasaccharide sequence unique 
for binding to antithrombin III^^ is antiproliferative as well,^^ and that both the 
binding and the antiproliferative activity are dependent on the 3-O-sulfate on the 
internal glucosamine.^*^ This suggests that the sequence is but one of several 
antiproliferative sequences or structures. Furthermore, the 3-0-sulfate group on 
the internal glucosamine residue cannot explain the antiproliferative activity com- 
pletely, since the tetrasaccharides lacking saccharides at either the reducing or 
nonreducing ends of the pentasaccharide contain the 3-0-sulEate, but are rela- 
tively inactive.^ 

To test for the overall importance of the unique pentasaccharide sequence, the 
present authors tested antiproliferative heparin preparations that do not have the 
pentasaccharide sequence and therefore lack the ability to bind to antithrombin 
III.^ The pentasaccharide sequence contains an unsulfated glucuronic acid, and 
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FIGURE 7, Antiproliferative activity of hexasaccharide fractions separated on the basis of 
charge. Hexasaccharides prepared from native heparin were separated into fractions of 
varying charge by ion-exchange chromatogr^hy. The greater the Auction number, the 
greater the negauve charge. The percentage growth intebition caused by 100 MS/ml of each 
of the fiacuons was determined after 5 to 7 days* exposure of mt VSMC released from Go 
block on day 0. (From Wright et aiJ^ 
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therefore this moiety would be lost during depolymerization of heparin with peri- 
odic acid. We found that two heparin preparations treated with periodic acid, both 
of which lacked glucuronic acid residues as shown by "C-NMR, had significant 
antiproiiferative activity. This indicates that the pentasaccharide antithrombin- 
in-binding sequence is not required for antiproliferative activity. 

An important concomitant of the studies with the pure, synthetic heparin 
fragments is that it is highly unlikely that the growth inhibitory effect that we and 
others observe with native preparations is due to a nonbeparin contaminant in 
these heterogeneous mixtures. 
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Roie of jt-OSuI/ate Glucuronie Add 

Recently, Conrad and coworkers have demonstrated that heparan sulfate is 
present in the culture medium, the pericellular matrix, cytoplasm, and nucleus of 
culmred rat hepatocytes."-» The rate of synthesis, the location, and the structure 
of the heparan sulfate species present were dependent on the growth state of the 
cells. They made the intriguing observation that the nuclear pool of heparan 
sulfate from confluent, nonproliferating ceUs, contained an uousuaUy high propor- 
iL^'! ot 2-O-sulfated glucuronate residues, suggesting the interesting possibility 
that 2-O-sulfated glucuronic-acid-containing sequences are important in growth 
regulauon. This led us to investigate whether or not the presence of 2-O.sulfate 
glucuronic acid is Important for antiproliferative activity. For this purpose two 
compounds lacking 2-O-sulfate glucuronic acid residues were prepared by Dr 
Choay's group by controUed periodic acid depolymerization of native heparin' 
Both had significant antiproliferative activity for VSMC, low binding to and- 
thrombm HI, and totaUy lacked a «JC-NMR signal coirespondiog to 2-b.sulfate 
residues. Sunilarly, the antiproliferative activity of fragments prepared by con- 
"'**"!r controUed nitrous acid depolymerization were com- 

pared. TOe former contained low levels of 2-<3-sulfaie glucuronic acid levels as 
compared with the latter, but both had significant antiproliferative activity 

The above data show that 2-O-sulfate glucuronic acid residues are not neces- 
sary for antiproliferative activity. These observations do not, of course, gainsay 
the possibihty that heparan sulfates containing 2-0-5ulfate glucuronic acid resi- 
dues do play an important antiproliferative role in growth regulation in vivo 



Dissociation between AntipnliferaHve and Anticoagulant Properties of Heparin 

and B^arin Fragments 

It is now clear firom this and previous data**'-" that the antiproliferative and 
anUcoagutant properties of heparin are quite separate. The NAC heparin prepared 
by antithrofflbin-m-a£Gmty chromatography is highly antiproliferative but does 
not bfad to antithrombin HI and thus has extremely low thrombin-inhibitory activ- 
ity.*" Furtiiermore, smce tiie ability of heparin to inhibit factor Xa and kallikrein 
depends upon the heparin-antithrombin-lll-binding interaction.''-^^ the antipro- 
liferative and anti-Xa and antikallikrein activities are likewise dissociated We 
have found that a high molecular weight heparin fragment obtained by periodate 
oxidation of native heparin was likewise highly antiproliferative, but possessed 
httie of the anti-Ua and anti-Xa activities of native heparin." Contrariwise, the 
synthetic pentasaccharide species unique for binding to antithrombin III has 20- 
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> fold more anti-Xa activity than native heparin on a molar basis, but only 10% to 

ch 20% of the amiproliferative activity. 

The data indicate that the antiproliferative effect of heparin is independent of 
its ability to bind to antithrombin HI, and is not mediated by interactions with 
serine proteases of the coagulation cascade such as thrombin (factor Ila), factor 
in Xa, and kallikrcin. As the structural determinants of the antiproliferative activity 

»d are very similar to those required for the ability of heparin to inhibit the serine 

in protease human C3 converiase," the possibility exists that the antiproliferative 

activity of heparin is exerted through its inhibitory effects on serine proteases 
other than Ila, Xa, and kallikrein. This possibility remains to be explored. 

/ 

* 

Structure-Function Relationship and Possible Clinical Applications 



f VSMC proliferation frequently occurs as a consequence of vascular injury. In 

addition to being an early event in the pathogenesis of atherosclerosis, VSMC 
proliferation apparently occurs not infrequently, and with considerable morbidity > 
following vascular surgery.^ In forms of pulmonary hypertension such as idio- 
pathic pulmonary hypertension of the newborn, VSMC proliferation is also an 
important patho^omic feature. 

Thus, in addition to the intrinsic biologic interest of characterizing the antipro- 
liferative features of heparin in structural-functional terms, there is considerable 
interest in utilizing heparin or heparin-derived species, particularly in regard to 
preventing VSMC proliferation following vascular surgery. To these ends, NAC- 
type heparin derivatives and heparin analogues, of enhanced potency, might be 
desirable and useful. We and others have shown that AC^ as well as NAC^ 
heparins are efficacious in inhibiting VSMC proliferation in experimental animals, 
following endothelial injury. Studies are currently underway in our laboratory on 
the effects of AC and NAC on experimental vein grafts, and the accelerated 
atherosclerosis, characterized by massive VSMC proliferation, seen in hean 
transplants. In a chronic hypoxic model of pulmonary hypertension, it has been 
shown that AC and NAC heparin inhibit VSMC proliferation which is a feature of 
the lesion In a model of progressive focal glomerulosclerosis, we were able to 
blunt, with both AC and NAC heparin, proteinuria, renal glomerular mesangial 
cell proliferation, and the progression of the disease in terms of glomerular func- 
tions and pathologic changes.*^ We ascribed these effects basically to the inhibi- 
tion, by the heparins, of mesangial cell proliferation. ^^^^ 

In several areas, therefore, the potential in exploiting the antiproliferative 
effects of heparin and heparin-derived molecules in disease states seems worthy 
of farther exploration. 
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The biology of periecan: the multifaceted heparan sulphate proteoglycan of 
basement membranes and pericellular matrices 
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INTRODUCTION 

In the pre-molecular era of biochemistry, scientists assigned 
rather unprepossessing physiological roles to proteoglycans: 
they merely provided an inert scaffolding upon which cellular 
and organismal development could take place. The preceding 
decade, however, has witnessed an explosion of innovative 
technology which has created an interest in, and brought to the 
fore, a wealth of information in the field of proteoglycan research. 
It has originated a whole new perspective in our thinking of 
proteoglycan gene structure, function and evolution. We are 
entering the golden age of proteoglycan research and are dn the 
brink of discovering human genetic diseases linked to specific 
proteoglycan gene famihes. 

Periecan is a multifaceted, modular proteoglycan that is present 
in virtually all vascularized tissues with a distribution that is 
primarily, but not exclusively, confined to basement membranes. 
The complex pleiotropy of periecan suggests that this gene 
product is involved in several developmental processes, at both 
the early and late stages of embryogenesis, as well as in pervasive 
human diseases such as cancer and diabetes. 

This review provides a propitious opportunity to comment on 
some new horizons and research lines opened up principally by 
the recent molecular data on periecan gene structure, expression 
and topology. . 



HISTORICAL AND GENERAL CONSIDERATIONS 

The neologism periecan, a mnemonic from perl (bead or gem- 
like) and can (glycosaminoglycan), was coined by Hassell and co- 
workers [1] to symbolize the *beads-on-a-string' appearance of 
isolated periecan molecules as visualized by rotary shadowing. 
This terra is now widely accepted and designates a gene family 
encoding modular, relatively large and ubiquitous glycoproteins 
which, as we discuss below, may or may not carry covalently 
linked glycosaminoglycan side chains. 

The story of periecan began over two decades ago with three 
key observations: a role for proteoglycans in branching mor- 
phogenesis [2], the demonstration of spatially ordered poly- 
anionic sites in the basal lamina of breast ducts [3], and the 
discovery of heparan sulphate in the glomerular basement 
membrane [4]. Perhaps the work that has had the greatest impact 
on our understanding of periecan is that of Hassell and collabor- 
ators [5]. These investigators first purified in chemically useful 
amounts a large, low-density heparan sulphate proteoglycan 
from a mouse sarcoma that was known to synthesize excessive 



quantities of basement membrane constituents [6-8]. The sub- 
sequent availability of immunological reagents, recognizing 
specific domains in the protein core, rather than in the heparan 
sulphate side chains, has stimulated research in other cellular 
systems. These landmark studies have undoubtedly stimulated 
the work on periecan and have set the stage for more recent 
discoveries, including the^ molecular cloning of the cDNA, the 
elucidation of the protein-core modules, and the characterization 
and chromosomal mapping of the gene. 

One of the truisms of recent research is the perception that the 
size of the periecan protein core has gradually increased over 
time. From earlier two-digit estimates, it has now reached the 
three-digit range for the protein core {40(M70 kDa) and over 
four-digit size for the fully glycosylated proteoglycan in certain 
cellular systems [9]. Molecular cloning and peptide sequence 
analyses have now definitively proven that periecan is not only 
synthesized by Engelbreth-HoUn-Swann (EHS) tuniour cells, 
but also by cells as disparate as melanoma [10], colon carcinoma 
[11], lung fibroblastic [12], endotheUal [13], and mammary 
epithelial [14] cells. Periecan is an archetypal molecule from 
which multiple species of proteoglycan could be derived either 
via a well-refined proteolytic processing pathway or via a pattern 
of differentia! exon usage. The fact that antibodies to periecan 
consistently identify a single precursor product of 400-450 kDa 
[9,15-17], strongly favours the existence of a single gene for this 
proteoglycan family. The multidomain nature of periecan is 
reminiscent of other modular proteins which are often consti- 
tuents of the extracellular matrix and may result from a mosaic 
blend of exons with diverse origins [18]. 

MOLECULAR ORGANIZATION: THE GENE. THE PROTEIN AND 
THE FIVE MODULES OF PERLECAN 

Elucidation of the complete cDNA sequences of the mouse [1], 
human [19,20] and nematode [21] periecan, together with the 
complete structural characterization of the human periecan gene 
[22], have provided us with the detailed structural picture of the 
molecule which we possess today, and have clearly shown that 
the primary design of periecan encompasses discrete molecular 
domains (Figure 1). There is a remarkable preservation of 
individual domains, each largely composed of a subset of exons 
flanked on either side by introns in the same phase, i.e. inter- 
rupting the coding sequence between codon triplets or after 
the first or second nucleotide. This homogeneity in codon phasing 
constitutes a powerful mechanism for the coupling of functional 
units via intronic recombination, thereby preserving a continuous 
open reading frame. The most striking feature of periecan, in 
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Abbreviallons used: LDL. low-density lipoprotein; LRP, LDL-receptor-related protein; N-CAM. neural cell adhesion nnolecule; EGF. epidennal growth 
factor: EHS. Engelbreth-Holm-Swarm; RFLP, restriction-fragment [length polymorphisms'; RT-PCR, reverse transcriptase-polymerase chain reaction; 

bFGF, basic fibroblast growth factor. 
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Figure 1 Schematic representation of Iwman chronwsome 1. llie exonic 
organization o1 human periecan gene and the deduced protein Btructure from 
homan, mouse and nematode C. e/syans 

The distinct domains ol the human periecan gene are represented by the ditlerently coloured 
rectangles containing the numlwr of exons. The corresponding protein modules are designated 
tjy the Roman numerals underneath, and their cotour-coded symtwis are shown at the bottom 
ol the Itgure. 



addition to its colossal dimensions, is the presence of numerous 
internal repeats and the montage of modular protein domains. 
These modules harbour protein motifs with domain similarities 
to known polypeptides involved (i) in the binding and delivery of 
nutrients and lipids, (ii) in cellular growth and (iii) in intercellular 
signalling pathways. 



The human periecan gene {ttSPG2\ resides on the telomeric 
region of chromosome 1 

Previous studies have provided evidence that a single gene is 
present in the haploid human [22-25] and mouse [26] genomes. 
The first evidence for the presence of periecan on the telomeric 
region of human chromosome 1 was obtained by cross-species in 
situ hybridization [23] using as the probe a mouse cDNA 
encompassing the neural cell adhesion molecule (N-CAM) do- 
main of periecan [10]. This localization was subsequently con- 
firmed by two independent studies using human probes under 
highly stringent conditions and employing human/rodent so- 
matic cell hybrids containing partial deletions of chromosome 1 
[24] and by in siw hybridization analysis [25]. Both studies cleariy 
showed that the periecan gene, whose genomic designation is 
HSPG2, is located within a narrow region of the telomeric 



portion of chromosome 1 (Figure I ), with the most likely primary 
site being the lp36.1 band. It is noteworthy that the mouse 
periecan gene has been localized to chromosome 4 adjacent to 
the alkaline phosphatase-2 gene [26]. Because the same gene is 
also present in human Ip36.1-p34 [27], there is strong evidence 
for the preservation of a syntcnic region between human chromo- 
some 1 and mouse chromosome 4. Although no disease has been 
assigned to an abnormality in the periecan gene locus, there are 
numerous reports involving either deletions or loss of heterozygo- 
sity of the short arm of chromosome 1 in familial cutaneous 
melanoma [28,29], neuroblastoma [30,31], multiple endocrine 
neoplasia type 2 [32], breast carcinoma [33] and colorectal cancer 
[34]. In addition, it has been proposed that the distal portion of 
chromosome 1 may contain one, or several, tumour suppressor 
genes [33]. Since several restriction-fragment length poly- 
morphisms (RFLP), generated with either Taql/EcoKl [24] or 
BamHl [25], have been identified in the human periecan gene, 
these RFLPs could be useful in linkage of this locus with diseases 
connected to the periecan gene. 

TIte promoter of periecan 

Transcription of the periecan gene is driven by a promoter which 
is highly enriched in GC content, with over 80*^0 GC in the 
500 bp immediately upstream of the leader exon (Figure 2). It 
has a CpG/GpC ratio of approx. 0.9, thus indicating the absence 
of CpG suppression [35]. The promoter contains four GC boxes 
and three GGGCGG hexanucleotide sequences which are known 
binding sites for the zinc-finger transcription factor SPl [36]. 
Moreover, five GGGCGG hexanucleotide sequences and a GC- 
box were found in the first exon and first intron. This region also 
contained 21 CCGG tetranucleotide sequences, which is the 
recognition site for the methylation-sensitive HpaW enzyme. The 
more distal part of the periecan promoter contained two viral- 
enhancer AP2 motifs and three short pahndromic direct and 
indirect repeats, which by forming a secondary structure could 
influence the regulation of periecan gene expression. These 
features, together with the lack of canonical TATA or CAAT 
boxes, are often associated with multiple transcription stan sites. 
Indeed, both primer extension and SI nuclease mapping have 
demonstrated at least five distinct transcription start sites [22]. In 
addition to these characteristics, the 5' end of the periecan gene 
and its promoter are found in a CpG island, also referred to as 
a Hpall tiny-fragment island [35]. Such DNA regions contain 
clusters of unmethylated CpG dinucleotides, a microenvironment 
in which the number of CpG approximately equals the number 
of GpC [35]. These islands have been correlated with trans- 
criptional control regions and are typically observed in genes 
that encode oncoproteins, growth factors, transcription factors 
and housekeeping proteins. This is in agreement with the 
ubiquitous nature and the constitutive expression of periecan in 
most tissues. Similar promoter features are observed in several 
extracellular matrix genes and cell-adhesion-molecule genes, 
including those encoding human laminin Bl [37] and B2 [38] 
chains, and N-CAM [39]. The promoter regions of these genes 
also exhibit a high GC content and contain SPl -binding sites as 
putative regulators of transcription (Figure 2). The similarities 
among these molecules, from promoter to gene arrangement and 
protein structure^ suggest common regulatory mechanisms and 
therefore functional significance. 

Domain I: a module unique to periecan 

Following the signal peptide, there is a small domain of 17- 
amino acids that contains three consecutive Ser-GlyrAsp (SGD) 
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Figure 2 Comparison between the relative 6+C composition in tlie 
promoter region of tlie liuman perlecan gene and tliat of tlie reiated proteins 
iamlnin B1, iaminin B2 and N*CAiVI 

Each panel shows the percentage of 6 +C content in the first 600 bp of promoter and approx. 
250 bp of the 5' ertd of the designated genes. The G + C content was determined from a window 
of 50 bp. The symbols of the various c/is^cting elements are summarized in the diagram at the 
bottom of the figure. 
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tripeptides, the predicted site for attachment of the heparan 
sulphate side chains [1]. Whether this is the only domain capable 
of being substituted with glycosaminoglycans or just one of the 
possible glycosylation sites needs to be established by future 
experiments. It should be pointed out, however, that the perlecan 
protein core harbours over 50 Ser-Gly (SG) dipeptides, some of 
which are flanked by acidic amino acids and would comply with 
a proposed consensus sequence for a glycosaminoglycan at- 
tachment site [40»41]. The SGD-sequence region shares features 
with proposed glycanation sites in other heparan sulphate 
proteoglycans (Figure 3) and is most similar to sequences found 
in some of the syndecan family of cell-surface proteoglycans 
[42-45]. In contrast with the other domains, domain I does not 
harbour any internal repeats, lacks cysteine residues and is quite 
enriched in acidic amino acids. These physicochemical attributes 
render this domain significantly different from the others. Indeed, 
neither its amino acid nor its nucleotide sequence is related to 
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Rgure 3 Potential heparan sulptiate attacliment sites in perlecan and 
other lieparan stdptiate proteoglycans 

Comparison of the putative heparan sulphate attachment sites in domain I of human and mouse 
perlecan and similar potential GAG attachment sites in human syndecan-1, rat syndecan-3 (N- 
syndecan), human syndecan^ (amphiglycan). rat betaglycan (transforming growth factor-)? 
type-Ill receptor) and human glypican. Most of the sequences comply at least in part with the 
proposed GAG attachment consensus sequence (D/E)6S6(D/E). Ser-Gly sequences are 
underlined and shown in darit red. while flanking acidic residues are shown In light red. Some 
gaps have been introduced into the sequences in order to optimize alignments. 



any previously characterized entry in the available databases: it 
seems that this is the only domain unique to perlecan. Of note, 
is the exonic organization of this domain, inasmuch as the first 
SGD triplet is split between exons 2 and 3 [22]. Because these 
exons are separated by phase I introas at either end, it is plausible 
that exon 3 maybe spliced out ; a consequence of this would be 
the synthesis of a polypeptide without heparan sulphate side 
chains. That this event may occur is supported by the observation 
that colon carcinoma cells, under routine culture conditions, can 
release perlecan protein core into the medium withput heparan 
sulphate side chains [9]. 

Collectively, these observations suggest that perlecan can also 
be a non-glycanated protein, a notion that has been corroborated 
by the recent detection of perlecan protein core in cairtilage [46], 
and confirmed by our immunohistochemical data using a mono- 
clonal antibody specific for domain III (of. Figure 8). One 
fundamental question that needs to be addressed in future 
studies is to what extent this gene product is secreted as a 
glycoprotein rather than as a proteoglycan and what functional 
roles it may have during ontogeny and neoplastic growth. 

Domain il: identity with the low-density lipoprotein (LDL) receptor 

The second discrete domain of perlecan is homologous to the 
ligand-binding portion of the LDL receptor [47], This region is 
encoded by three distinct exons, as is the LDL receptor gene, and 
contains four cysteine-rich motifs that are also shared by a 
number of binding molecules (Figure 4). The overall genomic 
organization of this domain is remarkably similar to that of the 
LDL receptor. For example, the first two cysteine-rich repeats of 
perlecan and the corresponding repeats in the LDL receptor are 
encoded by one exon of nearly identical size. The distal two 
repeats are also encoded by one highly conserved exon. More 
startlingly, all three exons are interrupted by phase I introns» 
thus allowing for the possibility of alternative splicing. It has 
been postulated that via alternative exon usage, the LDL receptor 
gene can generate multiple forms of the receptor with varying 
degrees of affinity for LDL [47]. The consensus sequence of the 
LDL- receptor repeat has six conserved cysteine residues spaced 
over an approx. 40-amino-acid region (Figure 4). It is iterated 
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seven times and contains an additional 1 1 amino acids that define 
this LDL-receptor repeat [47]. Interestingly, mammalian perlecan 
contains the pentapeptide DGSDE. a sequence that mediates 
Ugand binding by the LDL receptor [47]. One to several cop.« of 
this repeat are found in a nmnber of molecules including mouse 
[1] and nematode (21) perlecah, complement C9 [48], the auto- 
ir^nune target glycoprotein (also know\as GP330) involved m 
Hcymann nephritis [491. the a,-macroglobulin receptor [50] the 
LDL-receptor-rclated protein (LRP) protem m C. elegcms a 
protein which appears to be the orthologue of the maramahan 
Lmacroglobulin receptor [SI], and the receptor for subgroup 
A of the Rous sarcoma virus in the quail and chicken 152]. 
Expression of these viral genes renders mammalian cells sus- 
ceptible to Roiis sarcoma virus infection [52], thus opemng the 
possibility that viruses may exploit similar protem motifs to gam 

entry into host cells. . 

Perhaps one of the most interesting, yet speculaUve, functions 
of perleam is the possible role of this pericellular proteoglycan in 
the metaboUsm of LDL. Recause perlecan is expressed at high 
levelsalong the sinu soidal spaces oQhe I'vedcJlFigu^ spleen_ 
and in the subradothehai regWofall bjoodve^HsTit. seems 
logical to speculate that n SU^i^ be in contact with perlecaii 
diuring its normal circulatory life as well as during endothelial 
denudation or in hyperlipidaemic states. Binding of hpids to the 
basement membranes and extraceUular matrices of blood vessels 
is an estabUshed observation, and this property has been generally 
attributed to the glycosaminoglycan chains [53]; but no direct 
Unk between LDL binding and protein cores has been estabhshed. 
A plausible scenario would include the fornauon of a supra- 
molecular complex between perlecan, either associated with the 
basement membrane or the ceU surface, and LDL. This complex 
could conceivably be stabiUzed by the interaction of the closely 
dustered heparan sulphate chains that are known to bind 
apolipoproteins [54]. Interestingly, the extracellular concen- 
tration of LDL can in turn modulate the expression of perlecan 
in cultured endothelUl cells [55]. An alternate view would be to 
consider domain II simply as providing a sorting mechanism for 
the polarized secretion of perlecan to the basolateral region as 
proposed for mammary epithelial cells [14]; however, perlecan 
can be localized around tumour cells without any apparent 



vectorial secretion but stffl in close association with the plasma 
membrane [56]. 

Domain III: homology with the short arm of lamlnta A chain 

Domain 111 exhiWts extensive similarity with the internal 
segments of laminin [57,58], particularly with the region of the A 
chain that comprises one of the short arms of the laininin 
multimer [58). This region consists of three disttnct globular 
subdomains, characteristicaUy devoid of cysteine residues, which 
are flanked on either side by cysteine-rich extended dotnains. The 
globular regions have an overall amino acid configuraUon whuA 
resembles that of two subregions of the laminin A chain, the IVa 
and IVb subdomains [58], and to a lesser extent the lammin B2 
subdomain IV (Figure 5). The rod-like segments are compwed of 
a series of repeats, each typically harbouring eight highly 
conserved cysteine and two glycine residues arranged m es- 
sentially the same pattern as that of laminin domams lU or V. 
The enure domain is encoded by 27 exons ranging m size from 
50 to 231 bp. Interestingly, there is no apparent correlauon 
between the cxon arrangement and protdn subdomms, a 
phenomenon that occurs in all the related genes (221. Jhis 
considerable divergence suggests that the laminin poruon of the 
perlecan gene might have evolved from an ancestral gene enduring 
significant exon shuffling. We have also found [22] a duplication 
of the distal portion of exon 30 in a genomic region adjacent to 
exon 23 This dupUcated exon. although not yet formally 
discovered in any mammalian mRNA, could conceivably be 
spliced out, thereby forming a truncated perlecan species. 
Another feature of this human periecan domain is that it lacks 
the RGD triplet, a sequence that is present in the mouse species 
and may be involved in ceU-surface binding (see below). 

Domain IV: homology wttb the immunoglobuHn supetfamlly and 
N-CAM 

Domain IV has two distinguishing features: (i) it is the largest 
domain of human periecan, encoding a polypeptide of over 
200 kDa; and (ii) it is the most iterative domain, containing -i 
consecutive repeats typically observed in the members ot tne 
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Figure 5 (a) Schematic representatlDn of human lamfnin ami pertecan ami (b) homology plot analysis of the respective homologous domains 

(a) The three chains of laminin are represented with their distinct sut)domains. Subdomain iV and ttie G-domain of lamirtin are colour-coded in dark red and light red respectively, to indicate the 
homologies with the periecan protein core shown on the right 0! note, a recent report [141] has proposed a new nomenclature ior the heterotrtmeric forms of laminin. Accordingly, the iaminin 
isoform depicted in (a) would be called laminin-l and the three chains A. B1 and 62 would be designated as al, ^ and y1 respectively, (b) The 1286 amino acids of subdomains V to Ilia 
of the A chain of laminin were compared with the 1172 residues of periecan domain Mi (upper panel), and ttie 950 amino adds of the 6-domain of laminin were compared with the 1005 residues 
of periecan domain V (lower panel}. Homology-plol analyses were done using the Dot-Plot program (GCG package) with a window setting -of 30 and a stringency of 15. A single dot Indicates that 
> 15 residues match In a searcNng area of 3D amino acids. 



immunogiobulin gene superfamily [59]. In contrast with the 
human, the mouse and nematode periecan species contain only 
14 repeats (Figure 1). This domain is encoded by 40 exons and 
harbours the largest collection of Ig repeats so far described. 
Similar domains are shared by all members of the Ig .gene 
superfamily, which includes molecules involved in immune 
recognition as well as molecules with no immunologic£(l function. 
This structural unit is characterized by a primary amino acid 
sequence of 70-100 residues with an essentially invariant di- 
sulphide bridge spanning 50-70 residues, and numerous con- 



served glycine and tryptophan residues [19]. Specifically, the 21 
consecutive Ig repeats resemble the organization of the N-CAM 
[59], which is an established member of the Ig superfamily. With 
the exception of repeats 17-21, each Ig repeat is encoded by two 
exons, thus supporting the proposal that the Ig superfamily was 
founded on an ancestral block of two exons [59]. The sequences 
that exhibit the strongest internal sequence similarity follow a 
strict pattern; specifically, the first half of the repeat is always 
interrupted by a phase 0 intron after the dipeptide His-Glu, 
whereas the other half of the repeat is invariably interrupted by 



a phase I intron. This arrangement makes this region an optimal 
candidate for alternative exon usage or skipping (see below). It 
is noteworthy that in the mouse [1), the first and the twelfth Ig 
repeats contain an extra cysteine which may be involved m 
disulphide bonding and would thus generate a more compact, 
globular N-CAM region [1 ,60]. The same possibility could occur 
for the human species inasmuch as these two cysteine residues, 
although located much further apart because of the intervening 
Ig-like repeats (Figure 1 ), arc still fully preserved [19]. These data 
are consistent with the multiple globular domains observed in 
rotary-shadowed pictures of isolated perlecan molecules from 
the EHS tumour matrix [8,61]. The main function of this module 
is still conjectural. By analogy with other molecules containing 
the same motifs [62], this module could: (i) stabilize homophilic 
protein-protein interactions; (ii) promote dimenzation of 
perlecan molecules within the basement membrane, thus con- 
tributing to the stabilization of this matrix; or (iii) enhance the 
adhesion of neighbouring cells carrying perlecan at their surfaces. 



Domain V: homology with the C-temiinus of kaminin A chain 

This protein module comprises the C-terminal end of the 
mammalian species of perlecan, but surprisingly is missing in the 
nematode orthologue (Figure 1). Domain V is encoded by 16 
exons and composed of three globular and four epidermal 
growth factor (EGF).likc motifs, exhibiting structural similarity 
with the C-terminal, globular region of the laminin A cham [58] 
(Figure 5). As in the case of domain 111, the other region with 
sequence similarity to the laminin molecule, domain V, also lacks 
correlation between subdomain boundaries and exon structure, 
indicating that the two laminin-like regions of perlecan have 
diverged from the ancestral gene quite significantly during 
evolution. As previously proposed [63], the relationship of exons 
to protein structure probably represents a degenerate state of 
ancestral correspondence between exons and structure/function 
modules of proteins. The four EGF-likc repeats of perlecan 
domain V are composed of about 40 amino acids each, with a 
consensus sequence typically found in EOF type-I repeats [64] 
and several conserved glycine residues that may be involved in 
the proper folding of this region. It is noteworthy that the 
presence of alternating globular and EGF-like domains has now 
been recognized in a number of molecules that are involved in 
cell adhesion and growth. For example, significant structural 
similarity exists between the C-termini of periecan and ncurexins; 
the latter comprise a large family of polymorphic cell-surface 
proteins, as well as secreted variants [65,66]. The repeats of the 
three distinct species of neurexin (la, lla, and llla) show a 
similar degree of homology to agrin. a component of the basement 
membrane that causes the aggregation of acetylcholine receptors 
[67] as well as to laminin [57,58] and perlecan [1,19,20]. 
Interestingly, in the case of neurexin Ilia [66], the carboxyl end 
can undergo extensive alternative splicing events with the pot- 
ential of generating a membrane-bound and a truncated form, 
suggesting that some forms of neurexin Ilia may be secreted. The 
terminal domain of perlecan could be involved in both homotypic 
and heterotypic interactions, as in the case of the mouse EHS 
proteoglycan [61 ,68]. It could also be involved in the modulation 
of cellular growth via the EOF repeats, inasmuch as comparable 
EGF-like repeats of mouse laminin can induce cellular growth in 
cultured cells possessing EGF receptors but not in cells lacking 
the receptor [69]. In line with this view is the fact that synthetic 
peptides from the globular G domain of laminin can promote cell 
adhesion and neurite outgrowth, and can interact with hepann 
and the /il integrin subunit [70], Domain V contains two SGxG 



letrapeptides which may be substituted with glycosaminoglycan 
side chains other than heparan sulphate. It is noteworthy that 
hybrid forms of periecan containing both chondroitin and 
heparan sulphate side chains have been described recently in a 
cell line derived from the EHS tumour [71] and in human corneal 
fibroblasts [72]. In addition, a hybrid dermatan/heparan sulphate 
proteoglycan from human placenta [73] has been shown to be 
immunologically related to human perlecan [19]. 

Finally, domain V contains two conserved Leu-Arg-Glu (LRE) 
tripeptides that have been invoked as the primary sites for the 
binding of motor neurons to s-laminin in the synaptic basement 
membrane [74]. Neurons bind to immobilized LRE-containing 
peptides, and soluble LRE sequences block attachment of 
neurons to s-laminin fragments [74]. The presence of two LRE 
motifs in human periecan, in contrast with the mouse form where 
only one is conserved [1], suggests that these motifs may play 
important roles in periecan-depcndent neurite outgrowth. 

WIDESPREAD EXPRESSION OF PERLECAN: FUNCTIONAL 
IMPLICATIONS 

Perlecan is one of the eariiest gene products encoding basement 
membrane constituents to be expressed in embryonic life: it can 
be detected at the 2-4-cell stage of the mouse embryo, and is 
later deposited in all embryonic basement membranes [75]. 
Interestingly, periecan is found at the exterior surface of the 
trophectoderm during the attachment phase of blastocyst implan- 
tation in vivo, an expression that correlates with the acquisition 
of attachment competence by mouse embryos in vitro [76]. 

The cell- and tissue-specific expression of periecan is now 
being re-evaluated inasmuch as a number of epithelial and 
mesenchymal ceUs are found to express the perlecan message. 
For example, both colon carcinoma cells and fibroblasts express 
a single approx. 14 kb transcript (Figure 6, lanes 1 and 2 
respectively), and several perlecan domains, including 1, II and 
IV, can be detected by reverse-transcriptase polymerase chain 
reaction (RT-PCR) in colon carcinoma, osteosarcoma, fetal lung 
and skin fibroblastic, and prostate carcinoma cells (Figure 6, 
lanes 3-10). Similarly, in situ hybridization analyses have demon- 
strated perlecan message in a variety of cells independent of 
whether they assemble a classical basement membrane [19,77]. A 
number of studies have localized perlecan to various basement 
membranes and pericelluiar regions [5,19,71,75,77-83]. We have 
recently developed a monoclonal antibody that recognizes a 
recombinant fusion protein containing domain III of human 
perlecan and have investigated systematically its expression in 
human tissues [77]. Periecan is present not only in the basement 
membrane zone of every vascularized organ, but also in the 
tumour stroma of several human cancers (Figure 7). Of interest 
is an abundant Geposition of periecan in the perisinusoidal space 
of the liver (Figure 7b). as well as in the sinusoidal spaces of all 
the lymphorcticular and endocrine organs investigated [77]. 
Because of the large blood flow through these tissues, perlecan 
would be continuously exposed to circulating blood elements 
and immunocompetent cells. 

It is now becoming apparent that periecan is diffusely present 
in the pericellular matrices of a number of organs, and that the 
fibroblast, a cell type that does not assemble a traditional 
basement membrane, is a main producer of the proteoglycan. 
For example, in situ hybridization studies of human skin [77] 
have demonstrated periecan message in the fibroblasts of ^^e 
upper dermis but not in keratinocytes. Perlecan has been localized 
to the dermo-epidermal basement membrane of fetal skin dunng 
the first trimester of life, and as eariy as 54 days of intra-utenne 
development [80]. The presence of perlecan at the eariiest time ai 
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Rgure 6 Expression of perlecan in normal and neoptastfs human cells 

A schematic representation of the perlecan protein structure and the various domains (roman 
numerals) Is stnwn in (a). The arrows indicate the sense and antlsense primers used in RT- 
PCR to amplily a 500 bp fragment in domain Mi. and a 750 bp fragment in domain IV. a region 

contained between tg repeats 13 and 16 respectively, (b) and (c) show Northern blotting (lanes 
1 and 2) and Southern blotting of RT-PCR products amplilied from domain HI (lanes 3-5) or 
domain IV (lanes 6-10). The following cellular RNAs were analysed: WiDr colon carcinoma 
cells (lanes 1 and 6). neonatal siiin fibroblasts (lane 2). MG-63 osteosarcoma cells (lanes 3 
and 8). CRL-1262 embryonic lung fibroblasts (lanes 4 and 9). PC>3 prostate carcinoma cells 
(lanes 5 and 10). and iMR-90 embryonic lung fibroblasts (lane 7). For Northern blotting, approx. 
20 /ig of total RNA was separated in a denaturing formaldehyde gel, transferred to a nykm 
membrane and hybridized under high stringency with a PCR-generated perlecan probe 
encompassing part ot domain IV. For Southern blotting, the cDNAs amplified by RT-PCR were 
separated by analytical agarose gel electrophoresis, transferred to a nylon membrane and 
hybridized with PCR-amplilled probes corresponding to the same regions of approx. 500 and 
750 bp respectively. The Northern blotting was exposed lor 48 h, while the Southern blotting 
was exposed for approx. 30 min. 



which basement membrane is fonned, supports the hypothesis 
that this large proteoglycan contributes to the early structural 
integrity of the epidermal-connective tissue interface [80]. In the 
developing intestine, by contrast, perlecan is manufactured by 
epithelial cells and is subsequently assembled into a basement 
membrane which includes the mesenchyme-derived collagen type 
IV [84]. Together, these findings suggest that basement mem- 
branes are the product of both ectoderm and mesoderm and that 
co-operation between different cells is necessary for correct 
orientation and assembly into a functionally complete basement 
membrane. 

There has long been a controversy regarding the intrabasement 
membrane topology of perlecan. Earlier immunoelectron micro- 
scopic studies [85] have shown that the major heparan sulphate 
proteoglycan of renal glomeruli is restricted to the lamina rara 
interna; this corresponds to the concentration of polyanionic 
sites [86]. It is now felt, however, that this antigen probably 
represents a proteolytically processed form of perlecan, inasmuch 



as other studies have shown a diffuse presence of perlecan 
throughout the basement membrane [82,87]. Further support for 
this view is offered by the observation that monoclonal antibodies 
directed toward an epitope of perlecan [88] stain only the lamina 
densa on the stromal side of the basement membrane, thus 
indicating a vectorial insertion of perlecan. This view has the N- 
terminus with the heparan sulphate chains near the plasma 
membrane, whereas globular domain V would reach across the 
basement membrane and could interact with other extracellular 
matrix molecules. This orientation is reminiscent of that of 
laminin, where the short arms are considered to be buried in the 
basement membrane, whereas the long arm can traverse the full 
thickness [68). Double tracks of approx. 4.5 nm width, visualized 
in the glomerular basement membrane and Reichert's membrane, 
have been interpreted as representing submicroscopical images 
of perlecan [89,90]. In human colon carcinoma cells, perlecan is 
localized to the cell surface [11] and can be acylated with both 
myristate and palmitate, two long-chain fatty adds [91]. This 
post-translational modification may contribute to the binding 
and vectorial secretion of perlecan under the appropriate cir- 
cumstances. 

In the liver, perlecan is expressed primarily by the sinusoidal 
endotheUal cells but not by the hepatocytes. However, when 
hepatocytes are cultured in vitro they gain the ability to express 
perlecan [81], implying a central role of perlecan for cellular 
survival and growth. A traditional dogma needs also to be 
revised insofar as immunoreactive perlecan is found in normal 
articular cartilage (Figure 8a) and abundant deposits are seen in 
human chondrosarcomas (Figures 8c and 8d). This observation 
is provocative because cartilage is an archetypal tissue that does 
not contain blood vessels and does not assemble a basement 
membrane. The question is why a gene product as complex and 
heterogeneous as perlecan is expressed in these tissues. The 
answer probably lies in the fact that a significant proportion of 
perlecan can escape post-translational modifications and can be 
secreted as a glycoprotein, i.e. lacking the heparan sulphate side 
chains [9]. This view has now been confirmed experimentally in 
rat chondrosarcoma cells by the finding of a perlecan protein 
core that, instead of being converted into a fully glycanated 
proteoglycan, is released without attachment of the glycosamino- 
glycan side chains [46]. This product appears to be localized in 
the pericellular environment of the chondrocyte and to be 
involved in the attachment of these cells to their own substratum 
[46]. 

in summary, several generalizations can be drawn from the 
studies of perlecan expression discussed above: (i) perlecan 
appears to be more ubiquitous than previously considered, with 
a distribution that is not rigorously limited to epitheUal/ 
mesenchymal interfaces; (ii) epithelial/mesenchymal cell co* 
operation is required for full perlecan expression; (iii) qualitative 
and quantitative expression of the mature proteoglycan is tissue- 
specific; and (iv) post-translational modifications of perlecan, 
and especially the attachment of heparan sulphate side chains, 
can be bypassed under certain tissue-specific conditions. 

BINDING PROPERTIES OF PERLECAN 

Binding to extracellular matrix proteins: homotypic and 
heterotypic Interactions 

The discovery that this large, multimeric macromolecule can self- 
assemble into a dynamic structure imphes that perlecan is directly 
involved in the formation of basement membranes in living 
organisms [6 1 ,68]. This realization surfaced from key experiments 
[61] which showed that perlecan can self-aggregate into dimeric 
or multimeric forms when incubated under neutral isotonic 
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conditions. This homotypic interaction is apparently mediated 
by the carboxyl end of the perlecan protein core, or at least the 
end opposite to the glycosaminoglycan-binding region the 
heparan sulphate chains appearing peripherally onented [61]. 
Intriguingly. a recent report suggests that in EHS tumour 
perlecan, the heparan sulphate chains may be located at the 
carboxyl end [92]. The evidence for this is indirect and mferred 
from peptide sequencing and size estimation of proteolytic 
fragments obtained from purified EHS perlecan; however, no 
peptide sequence could be obtained from the fragment shown to 
be carrying the heparan sulphate chains [92]. Direct biochemical 
evidence is, therefore, needed to establish the precise site of 
glycosaminoglycan binding and clarify these seemmgly con- 
tradictory results. In addition to these homotypic mteractions, a 
number of proteoglycans, which have now been recognized as 
perlecan, have been involved in heterotypic interactions with 
numerous extracellular macromoleculcs including lamimn 
[68 93] nidogen [93,94] and fibronectin [73,95]. Earlier workers 
have observed that, in order to purify and extract perlecan from 
the EHS tumour, denaturing solvents and chaotropic agents 
such as guanidinium chloride were required [5,6,96]. This indi- 
cates that perlecan is tightly bound to other matrix macro- 
molecules and that both the protein core and the polyamomc 
chains might be involved in these interactions. For example, 
during EHS tumour purification, a significant proportion of 
lamimn remains associated with perlecan and is removed only 
after CsCl gradient centrifugation [68], Another basement mem- 
brane molecule that can interact with perlecan is nidogen [93]. 
Nidogen binds the protein core of periecan via amino acid 
sequences mapped to the G2 domain [94], a region that also 
harbours binding sites for coUagen type IV. It has been speculated 
that nidogen, via its laminin-binding region in the globular G3 
domain together with the G2-binding region, may modulate the 
formation of a supramolecular complex among periecan, lamimn 
and collagen type IV in a heparan sulphate chain-independent 

fashion [97]. ^ u, * 

A large heparan sulphate proteoglycan from human fibroblasts 
binds fibronectin, thereby functioning as mediator of 
fibronectin-celi surface interaction in fibroblasts [98] and perhaps 
other ceU types [73], and this interaction may anchor the 
ubiquitous fibronectin to certain basement membranes. This 
proteoglycan has been subsequently shown to be identical with 
human perlecan by comparison of its peptide sequence with the 
amino acid sequence deduced from cDNA cloning [19]. In- 
triguingly, a basement membrane heparan/dermatan sulphate 
hybrid proteoglycan, which was isolated from human placenta 
[73] also appears to be identical with perlecan [19]. This 
proteoglycan also binds fibronectin, apparently via covalent 
interactions, and may contribute to some of the fundamental 
functions of fibronectin in cell adhesion and spreading [73]. 

Binding to cell surfaces 

About a decade ago, we reported that human colon carcinoma 
cells synthesize a surface proteoglycan which cross-reacted with 
anti-periecan antibodies [11]. Later, it was unequivocally shown 
by cDNA cloning to be periecan [24]. This colon carcinoma 
perlecan is closely associated with the plasma membrane: it is 
localized to the microvillar surface [56], the side opposite to the 
basement membrane; it cannot be displaced by high con- 
centrations of heparin; and it requires detergent or mild 
trypsinization for its efficient removal from the cell surface [11]. 
We interpreted these data as being indicative of an intercalated 
proteoglycan sharing immunological and structural features with 
the basement membrane proteoglycan purified from the mouse 



EHS tumour [5]. These observations can now be partly reconciled 
with the notion that periecan may be closely linked to the cell 
surface via receptor proteins recognizing the protein core and 
possibly stabilized by the heparan sulphate chains. Eariier studies, 
in fact, have proposed that periecan can bind cell-surface 
receptors, originally shown to be of a size smaller than usual 
integrins [99]. More recent investigations, however, have clearly 
shown that the attachment and spreading of several tumour cells 
on a perlecan substratum is mediated by jSl integrins, but not by 
the a6fi\ receptor typically observed for laminin [92]. Aortic 
endothelial cells, which synthesize and deposit perlecan [13], 
interact with the protein core of perlecan via y?l and ^3 integrins, 
and this binding is partially RGD-dependent [100). Apparently, 
this interaction is sensitive to a cell-mediated effect of heparin 
and heparan sulphate which, therefore, may act as regulatory 
ligands [100]. The cell-adhesive properties of periecan were 
assigned to an approx. 160-kDa fragment which was localized to 
the C-terminus of the proteoglycan, a region containing part of 
the N-CAM repeats and domain V [100]. Note, however, that 
human periecan does not contain an RGD sequence and therefore 
these findings may not be relevant to the human species. 

Binding to growth factors 

Recent discoveries in the field of growth factor and cytokine 
research have provided novel information regarding the role of 
pericellular heparan sulphate proteoglycans in the storage, bind- 
ing and delivery of such compounds [95,101,102]. A cluster of 
important papers have reported a close association between basic 
fibroblast growth factor (bFGF). which is a heparin-binding 
angiogenic protein [95], and basement membrane constituents 
including mouse perlecan [103-107]. The bFGF appears to bind 
heparan sulphate chains and is released from the bovine cornea 
subendothelial matrix by heparin or heparinase, but not by 
chondroitin sulphate or chondroitinase [103]. It has been pro- 
posed that the sequestration of angiogenic endothelial cell 
mitogens in the basement membrane may be a general mechanism 
for regulating accessibility of these substances to the vascular 
endothelium [103]. Abnormal release of bFGF during wound 
healing or cancer invasion may contribute to local tissue neo- 
vascularization [108]. Interestingly, both heparinases I and 111 
inhibit neovascularization in i;/t'o and proliferation of capillary 
endothelial cells mediated by bFGF in vitro [109]. Because 
approx. 70% of bFGF added to capillary endothelial cells binds 
to the extracellular matrix, while only 7 % binds to the cells [1 10], 
it is likely that specific sequences in the heparan sulphate chains 
covalently attached to perlecan protein core are directly impli- 
cated in the control of angiogenesis. In agreement with this view, 
is the discovery of a high affinity 30 nM) between iodinated 
bFGF and EHS tumour perlecan [104]. This binding, at least in 
endothelial cells, seems to protect bFGF from proteolytic degra- 
dation [106], and bFGF-heparan sulphate complexes can be 
released from these cells via a plasminogen activator-mediated 
proteolysis [107]. High-affinity (A:, ^ 1.5 nM) binding of inter- 
feron--)/ to heparan sulphate chains of an EHS tumour-derived 
extract has also been reported [1 1 1]. Finally, a recent study has 
shown an interaction between transforming growth factor-/? and 
periecan in the basement membrane of mouse endodermal cells 
[112], an intriguing observation inasmuch as this growth factor 
can in turn modulate the expression of periecan in colon 

carcinoma cells [1 1 3]. 

The mechanism of action of bFGF at the cell surface has been 
partly elucidated by studies involving mutant cell strains lacking 
the enzymes necessary for the biosynthesis of heparan sulpha le 
chains. Upon transfeclion of the FGF receptor, the defective 
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Rgure 7 ImmunolocaGzation of perlacao in human tissues iislng a momclonal anUbody sgalnsl a recombinant Mon pratatai eontafaibn domalD ill of human 
penecan protein core 

The monoclonal antibody 7B5 was shown previously to react by Western blotting exclusively and specifically with the laminin-like domain Hi. a fusion protein generated In a prokaryotic expression 
system and not to cross-react with the mouse periecan (771. The hunwn periecan epitope (red staining) is present in ttie basement membrane of oral mucosa (a. arrowheads), in the perisinusoldal 
space of the liver (b). in the basement membranes ol endothelial cells (c. small arrowhead) and prostate epithelium (c larger arrowhead), but can also be observed as diffuse deposits within the 
tumour stroma of breast (d) and colon (e) cancers. (!) shows a tumour xenograft 2 weeks after subcutaneous Injectiofl of approx. 1 x 10* PC-S prostate cardnoma cells in a nude SCID mouse 
Notice the positive reaction around small blood vessels (arrowheads), which are of mouse origin, and around the human hjmour cells. In contrast, the basement membrane zone of the mouse 
sl«n (aslensks) is totally unreactive m agreement with the lack ol cross-reactivity of our monoclonal antibody, (g) is a higher magnification showing intense reaclivily around newly formed tumour 
inicrovessels (arrowheads). (Original magnification: (a) and (b), x 350: (c-e). x 450: (D. x250; (q). x600] 



cells could not bind bFGF unless supplemented with exogenous 
heparin or heparan sulphate [114]. In contrast, the wild-type cells 
were capable of binding bFGF without the need of exogenous 
glycosaminoglycan. 

Subsequently, heparin-dependence was shown both for the 
interaction of bFGF with a recombinant FGF receptor species 
and for bFGF-induced mitogenesis [115]. An intuitive expla- 
nation for this phenomenon is that binding of the grov/th factor 
to the glycosaminoglycan may alter the conformation of bFGF, 



thereby facilitating its interactions with the receptor. The specific 
binding site for bFGF has now been identified as a unique 
carbohydrate sequence within the heparan sulphate chains 
purified from the pH]glucosamine-labelled total proteoglycan 
pool synthesized by skin fibroblasts [116]. Using bFGF-affinity 
chromatography, a heptad-saccharide containing both N-sul- 
phate and iduronic acid 2-suIphate residues was shown to be 
essential for binding activity to bFGF [1 16]. Although it is not 
known whether extracellular matrix heparan sulphate proteo- 



dycans such as perlecan bind bFGF through the same ohgo- 
Mccharide. the fact that the bFGF-specific ohgosacchande was 
isolated from the heparan sulphate released into the medium by 
human skin fibroblasts strongly impUcates perlecan as a major 
source of this material. 

m summary, the current picture of perlecan-growth factor 
interactions is quite complex and in a state of constant flux. As 
we gain more information about proiem and carbohydrate 
isoforms and specific functional subsequences, we will be able to 
define more precisely the roles these interactions may play dunng 
organogenesis and development. The central theme of this 
re^rch line is that the multiple autocrine or paracnne effector 
molecules might be influenced by the selective temporal and 
spatial expression of pericellular heparan sulphate proteoglycans 
during morphogenesis and development. A more subtle pathway 
would involve processing via mild degradation with proteases or 
cndoglycosidases, thereby releasing the factors in a heparan 
sulphate-bound, active form. 

NEW CLUES ABOUT FUNCTION: PERLECAN ISOFORMS 
AlternaawelyspUced variants In the mouse and nematode species 

The perlecan story is complicated by the existence of variant 
forms in the mouse [1) and Caemrhabdim elegans [2]] species. 
Comparison between domain IV of the mouse and human 
molecules shows that the mouse species lacks seven g repeats, 
from the middle of the fifth to the middle of the twelfth repeat 
(Figure 1). This generates a perlecan protein core of smaller size 
approx. 396 versus approx. 467 kDa). Recently, however three 
additional Ig-like repeats, aligning quite well with the human 
repeats, have been found in the mouse species and larger mRNA 
transcripts have been identified 160]. Because chromosomal m 



situ hybridization and somatic cell hybridization studies have all 
supported the exUtencc of only a single perlecan gene, it is likely 
that alternate exon usage is the principal mechanism responsible 
for the generation of these transcripts. An extensive search by 
our laboratory for smaller periecan variants m humans usmg 
RT-PCR and primers encompassing critical regions of domains 
I 11 and IV. has so far failed to reveal any such speaes. By 
Northern blotting, we have constantly detected a single transcnpt 
of approx. 14 kb (cf. Figure 6). We can cautiously conclude from 
these data Uiat the larger form of perlecan is the predominant 
species, and if smaller variants exist in human, they probably 
represent minor components or tissue-specific isoforms. This is 
in agreement with the fact that the complete human perlrean 
cDNA sequence is based on clones isolated from seven differ- 
ent cDNA libraries [19.20.24.25]. In addition, numerous RNAs 
and cDNA libraries have been screened in our laboratory and 
the amplified bands vrere all of the predicted size and sequence. It 
would be very interesting to determine whether a specific perlecan 
isoform might be Unked to the transformed phenotype. Never- 
theless, the high degiee of conservation of the various periecan 
domains between the human and the mouse species indicates that 
these modular units are important for periecan function. This 
concept is further supported by the discovery of the imc-52. a 
miniaturized form of perlecan gene, in the nematode C. elegans 
PI], This protein harbours three consecutive domains that 
resemble the LDL receptor, the laminin short chain and the N- 
CAM respectively, but is devoid of both the N- and C-termmal 
domains of perlecan (Figure 1). Domain 1 in the nematode, a 
stretch of 28 amino acids including a agnal peptide, has little 
similarity to its mammalian counterpart, with the exception thai 
both are hydrophilic and do not contain cysteine residues or 
internal repetitive sequences. In addition, the C. elegans domain 
1 lacks the triplet SGD and thus it is not known whether thi* 
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^pccies Is synthesized as a proteoglycan or as a protein. Domains 
li and III are similar to the mammalian species with the exception 
of one less globular repeat in each domain. As in the mouse 
species, domain IV of C elegans contains 14 Ig-like repeats with 
two additional repeats flanking domain II. The presence of a 
signal peptide and the immunological localization of unc'52 
protein in the nematode basement membrane strongly indicate 
that this gene product is an extracellular macroraolecule. The 
nematode perlecan-Iike protein undergoes extensive alternative 
splicing with several isoforms varying in their C-termini [21]. The 
longest transcript consists of 26 exons that span approx. 15 kb of 
genomic DNA. The additional two smaller transcripts are 
generated by differential utilization of polyadenylation signals 
located approx. 8.5 kb apart and by differential splicing of the 
exons at the 3' end of the unc-52 gene [2 1 ^ All the exons encoding 
domain IV are located between the two polyadenylation signals, 
and thus the two larger transcripts encode proteins containing all 
or part of domain IV, whereas the smaller transcript encodes a 
truncated polypeptide that is completely devoid of domain IV 
repeats. 

Implication of psrlecan-Dke molecule in muscle cell biology 

An unsuspected role of perlecan-likc molecules derives from 
research on a conunonly vilified organism, the worm, and opens 
the possibility that genetic mutations at the perlecan locus may 
contribute to skeletal muscle pathology in humans. Interestingly, 
mutations of the unc-52 gene induce disruption of the skeletal 
muscle architecture of C. elegans [2\]. Moerman and co-workers 
[21,117] have used suppression analysis to identify a new gene 
involved in maintaining the attachment of myofilaments to the 
cell surface and basement membrane of the body-wall muscle 
cells. Based on their complex pattern of complementation, two 
major types of mutations occur in this animal: a lethal form 
associated with a complete loss of function for at least one of the 
unc'52 alleles and a viable, but paralysed, variant caused by the 
insertion of a Tel transposon into the eighth Ig-like repeat of 
domain IV [21]. The disorganized body-wall muscle phenotypes 
in both mutant forms suggest that perlecan-like molecules are 
involved in maintaining the structural integrity of the skeletal 
muscle. The findings in C. elegans indicate that tiie abnormal but 
viable phenotype is caused by the synthesis of a truncated unc-52 
protein, while the lethal phenotype is caused by the complete 
absence of the protein.. At least in the nematode, the integrity of 
the N-CAM region is essential for full attachment of myo- 
filaments to the basement membrane. Because of the widespread 
expression of mammalian perlecan in skeletal and smooth muscle, 
it is possible that some forms of human congenital myopathy 
may also be due to abnormally truncated forms of perlecan. Is 
there any genetic disease, pertinent to the muscular dystrophy 
sensu lato, that is linked to abnormal perlecan? This is an 
important question that may be addressed in the future by 
targeted disruption of the gene in transgenic animals. 

PERLECAN IN HUMAN PATHOLOGY 

Given the current concept that basement membranes provide 
directional anchors for cells and a scaffolding that fosters tissue 
morphogenesis, and given the recent realization that they orig- 
inate through a process of cell assembly driven by 'mass-action' 
[68], it is not surprising that the deregulated expression of even 
a single vital constituent could lead to serious complications, 
and ultimately to a pathological phenotype. Below, we discuss 
contemporary knowledge regarding two examples of human 
pathological processes in which perlecan may play an active role. 



Diabetic microangiopathy 

In long-term diabetes mellitus a riumber of complications arc 
infiicted on the diabetic individual. Among the most clinically 
significant are the microangiopathies. These are disruption of the 
normal function of vascular capillary beds. A hallmark of these 
disease processes is a significant thickening, or sometimes dupli- 
cation, of the microvascular basement membrane (Figure 9), 
with chronic progression as a function of time. Paradoxically, 
this thickening of the basement membrane is accompanied by a 
loss of function, allowing charged serum molecules which are 
normally retained within the circulation to pass across the 
matrix. This produces systemic effects in skin and muscle, but the 
most marked clinical consequences are observed in the renal 
glomerulus in diabetic nephropathy and in the retina with hard 
exudate formation, microaneiuysms, haemorrhaging and neo- 
vascularization and blindness in the proliferative end stage of 
diabetic retinopathy [118]. The physicochemical changes in the 
properties of the basement membrane were assumed to be linked 
to some change in matrix composition, and with much of the 
charge barrier present attributable to the heparan sulphate chains 
of proteoglycans [86], Ihese macromolecules have become the 
subject of considerable interest in the aetiology of micro- 
angiopathies. A number of approaches have been developed in 
the investigation of these complications, many involving ex- 
perimental models of diabetes which are either induced by 
chemical destruction of pancreatic islet cells or by the use of 
strains of animals bred to be genetically susceptible to the 
disease. Problems facing investigators were ones familiar to 
matrix researchers: the affected structures in most vascular beds 
were too diffusely distributed and too insoluble to yield adequate 
material for biochemical analysis. Most studies therefore focused 
on the kidney as the organ of choice; the glomerulus providing 
the most concentrated and abimdant amounts of relatively pure 
capillary basement membrane. Incubation of isolated glomeruli 
from streptozotodn-induced diabetic and non-diabetic rats with 
radiolabelled sulphate has shown that the former glomeruli 
incorporate less sulphate into the basement membrane, while the 
coul uronic add content is unchanged [119,120], thereby 
indicating possible undersulphation of the glycosaminoglycan 
chains. As an indication that these effects might be somewhat 
more widespread, it has also been shown that liver heparan 




Figure 9 Electron micrograph of a small capillary from a patient with long- 
standing diabetes mellitus 

Notice the duplication of the basemenl membrane (multiple arrowheads) surrounding the 
endothelial cells (EC). The lumen of the blood vessel is indicated by an asterisk. 



sulphate proteoglycans from streptozotocm-induced diabetic rats 
were also undersulphated, possibly through inhibition of N- 
deacetylasc, one of the enzymes required for N-sulphation of 
glycosaminoglycans [121]. However, Klein et ah [122] found no 
decrease in sulphate-labelled proteoglycans m glomeruli from 
streptozotocin-trcated rats, and suggested that alterations in the 
interactions of heparan sulphate proteoglycans with other base- 
ment membrane components were responsible for the decrease m 
heparan sulphate proteoglycan content. 

In an attempt to circumvent problems related to quantity of 
material, some workers have examined the synthesis of proteo- 
glycans in EHS tumours grown in diabetic host amma s. 
Interestingly, EHS tumours from streptozotocin-treated diabeUc 
mice incubated with high glucose showed a marked increase m 
radiolabelled sulphate incorporation into proteoglycans [123]. in 
contrast, other studies showed that in £HS tumours grown 
in genetically (non-insulin-dependent) diabetic [124] or 
streptozotocin-treated diabetic mioe[1251,areductionmsulphate 

incorporation correlated with a reduction in the level of heparan 
sulphate proteoglycan protein core. However, usmg steady-state 
mRNA levels to examine protein-core synthesis m a mouse 
model of non-insulin-depcndent diabetes, no absolute changes in 
kidney cortex levels of perlecan mRNA were observed [126], 
although there was proportionally less when compared with the 
elevated levels of type-IV collagen in diabetic animals with 
demonstrated glomerular basement membrane thickemng. 

In the few studies performed with human material, a similarly 
confusing picture emerges. In an early study [127] the amount of 
heparan sulphate in whole kidney cortex and medulla was found 
to be increased in some diabetic patients. However other 
investigators [128] found a significantly reduced heparan sulphate 
content in the glomerular basement membrane of diabeUcs, with 
no change in the degree of sulphation. 

To summarize, there is evidence for major alterations m 
heparan sulphate proteoglycan in diabetic nephropathy. These 
abnormalities can take phice via: (i) an increase m sulphate 
incorporation; (ii) a decrease in charge via a decrease in protein- 
core biosynthesis or enhanced degradation; (iii) a decrease in 
sulphation alone; (iv) a dilution effect brought on by unbalanced 
synthesis of other basement membrane constituents; and (v) a 
loss of heparan sulphate proteoglycan following perturbations m 
the forces anchoring this macromolecule in the basement mem- 
brane matrix. ' ^ . * 

Taken at face value, these results are confusmg and conflicung. 
It can be difficult, even in the light of more recent knowledge, to 
re-interpret the data presented in these studies given the dif- 
ferences in experimental approach and measurements made m 
some studies, which were omitted from others. A key question is 
to what extent the numerous sulphate incorporation expenments 
could be interpreted as reflecting perlecan biosynthesis/turnover. 
While cleariy not the only proteoglycan present m all basement 
membranes, current evidence suggests that perlecan is the major 
heparan sulphate proteoglycan of the matrices affected by 
diabetic microangiopathy, including the glomerular basement 
membrane, and thus it is probably safe to assume that aherations 
10 the perlecan molecule could contribute to the consequent 
pathology. 

Tumour progression and Invasion: perlecan In the metastatic 
cascade 

It is becoming apparent that heparan sulphate proteoglycans are 
key players in many interactions between the cells and their 
environment. During tumour cell dissemination, these relation- 
ships become modulated, further enhancing the disorganization 



of the basement membrane. Given its polyhedric nature, perlecan 
holds a key position in the basement membrane to influence the 
processes leading to tumour invasion. Previous work on basement 
membrane heparan sulphate proteoglycans indicated that sul- 
phatcd glycosaminoglycan chains are degraded at a faster rate by 
melanoma cells with high metastatic potential [129] by an 
endoglucuronidase or heparanase [130], reinforcing the func- 
tional importance of heparan sulphate chains in invasion. Re- 
cently, differences in the sulphation pattern of basement mem- 
brane proteoglycans were identified in Lewis lung carcinoma 
cells with high metastatic potential [131]. Evidence of a major 
role for heparan sulphate chains in tumour formation is further 
provided by the work of Esko and co-workers [132]. These 
authors generated mutant cell lines deficient in heparan sulphate 
chains and demonstrated that none of the mutants grew ab- 
normally in vitro, thus suggesting that these glycosaminoglycans 
are not essential for growth. However, surprising results were 
obtained when the deficient cells were challenged to grow as 
tumours in athymic nu/nu mice. Whereas mutants grossly 
deficient in heparan sulphate synthesis were not lumongemc, 
mutants with partially reduced levels were tumongemc and 
required approx. 10 % of the wild-type levels of heparan sulphate 
biosynthesis to express the maUgnant phenotype [132]. In general, 
any significant change in the sulphation pattern or enzymic 
degradation of the heparan sulphate may result m defects m 
assembly and stabihty of the basement membrane, especially m 
the surrounding endothelial cells, and may therefore facilitate the 
invasion/extravasation of tumour cells. There is no doubt that 
any alteration in this equilibrium will have an mfluence on the 
process of local invasion. 

The protein core of periecan is also capable of interacting with 
components of the matrix to affect cell adhesive behaviour. An 
emerging picture is that periecan is directly involved m supporUng 
the growth and invasion of tumour cells in vivo via its ability to 
capture and store angiogenic factors, such as bFGF [104]. Studies 
of cell-surface proteoglycans on human melanomas have shown 
that a predominance of heparan sulphate proteoglycan is a 
marker for a more aggressive phenotype [133]. Also, perlecan 
isolated from the EHS tumour stimulates invasiveness of mela- 
noma cells in an m vitro assay [134]. The growth of transformed 
endothelial cells, but not of normal cells, on reconsUtuied 
basement membranes is severely suppressed when perlecan is 
degraded [135]. Furthermore, we and others have observed 
abundant deposits of perlecan in the stroma of a number of 
malignant Ussues including breast and colon cancer (cf. Figures 
7d and 7e respectively). Pronounced stromal reaction was o^ 
served in human colon carcinoma with perlecan and type-IV 
collagen forming fibrillar deposits, a reaction not observed m 
colonic polyps [136]. In a series of experiments usmg the prostate 
carcinoma cell \jne PC-3 to induce tumour xenografts in immuno- 
deficient severe combined immunodeficienl CSCID') mice, we 
found that the newly formed microvessels in the tumour stroma 
were intensely reactive with a monoclonal antibody against 
perlecan (Figures 7f and 7g). Because our monoclonal antibody 
does not recognize mouse periecan, as shown by the lack of 
staining of the mouse skin basement membrane (Figure li- 
asterisks), we conclude that the periecan that is deposited around 
the tumour microvessels derives from the human PC-3 carcinoma 
cells. In contrast, the endothelial cells lining the tumour micro- 
vessels were of mouse origin as they failed to react with a 
monoclonal antibody against human factor Vlll (results not 
shown). In summary, these data suggest that the prostate 
carcinoma cells synthesize perlecan. as also proven by the RT- 
PCR data (cf Figure 6), and that this molecule induces or 
favours neovascularization of the transplanted tumour. A gra- 
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Mcni of immunoreactivity was also visible, with the most reactive 
microvcssels localized at or around the growing edge of the 
lumour xenograft (Figure 70- If this occurs in human tumours, 
then neoplastic clones with an ability to over-express perlecan 
would have a growth advantage over clones that lack this 
phcnotypic trait. The sequestration of bFGF by perlecan and its 
release by tumour-cell-derived enzymes [103, 1 04) could constitute 
a plausible autocrine or paracrine loop influencing local tumour 
growth or invasion. Accordingly, bFGF has been localized to 
various human tumours in the digestive [137] and nervous [138] 
systems. The abnormal deposition of bFGF in the extracellular 
matrix of gastric cancers was related primarily to areas of 
increased vascular permeability and active angiogenesis [137]. 
The close association between tumour celts and the vascular 
basement membrane observed in gastric cancer with liver meta- 
stases has been proposed to be specific for a more aggressive 
behaviour [139], whereas lung carcinoma cells with higher 
metastatic propensity adhere to a subendothelial matrix more 
efficiently than cells with lower metastatic potential [140]. These 
studies are in agreement with our observation in tumour xeno- 
grafts discussed above and suggest that the ability of tumour cells 
10 form a well-defined basement membrane is positively corre- 
lated with their adhesiveness to the vascular basement membrane 
in vivo. 



CONCLUDING REMARKS 

The recent advances in the chemistry and biology of heparan 
sulphate proteoglycans and their ligand interactions are having a 
considerable scientific and clinical impact. Contemporary evi- 
dence indicates that (i) perlecan is a highly conserved gene 
product with isofonns present in the nematode and mouse, (ii) 
that this molecule can exist as a glycoprotein and (iii) that its 
expression is-not restricted to basement membranes. The com- 
posite, multidomain perlecan is made up of a montage of protein 
modules that are evolutionarily related to molecules involved in 
nutrient metabolism, mitogenesis and cell adhesion. The emerg- 
ing portrait of perlecan biology is based principally on perlecan's 
ability to interact with cells and their products. This active 
participation occurs via permissive structural hierarchies in which 
the level of interaction, whether homotypic or heterotypic, is 
dictated by the structural motifs and their constitutive binding 
characteristics. Characterization of the genomic structure, 
chromosomal mapping of the gene, discovery of several RFLPs 
and of alternatively spliced variants are important conceptual 
advances that will undoubtedly facilitate a more comprehensive 
understanding of this molecule. The stage is now set to unravel 
the role of perlecan in fundamental biological processes wherein 
tissue remodelling occurs, inasmuch as this chimeric molecule is 
utilized by cells during embryonic development, wound repair 
and cancer growth. Systematic studies are needed to learn about 
the function of the individual protein modules and to develop 
transgenic animals with deregulated or abrogated perlecan ex- 
pression. Collectively these studies should provide novel avenues 
of research and perhaps discover unforeseeable functions for this 
important molecule. One of the future challenges is to define the 
signal transducing pathways through which perlecan can activate 
specific sets of genes in different cell types. 
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□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: ^ — 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



